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ABSTRACT
The purpose of this study was to explore STEM teachers’ professional identity
development based on the narratives of their lived experiences of participating in informal
STEM learning opportunities. This study examined the following: aspects of such informal
learning opportunities that are most meaningful for identity development, learning and
professional growth that occurs during such informal learning opportunities, and resources
necessary to provide effective experiences from such opportunities that benefit identity
development. Five STEM educators teaching science, technology, engineering, mathematics, and
general STEM in grades K-12 participated in this study. Data were collected through a screening
survey and narrative interviews. The narrative interviews were analyzed with general principles
of Strauss & Corbin’s methods for grounded theory (1990). Through the analysis of each
participant’s interview, underlying domains and themes were illustrated from each participant’s
narrative. The researcher assigned four themes emerged for the first research question: fostering
relationships and raising expectations for learning, becoming a confident teacher, and
transitioning career roles. For the second research question on professional learning and growth,
the researcher assigned three thematic domains emerged regarding growth in content knowledge,
pedagogy, and leadership. Finally, for the third and last research question on valued resources
and supports, themes included community partnerships, school community support, funding for
programs, and accessibility to programs. The participants’ narratives shed light on the ways in
which their experiences with informal STEM learning opportunities contributed to the
development of their professional identities and understanding of their roles and positioning as
STEM educators.

vi

TABLE OF CONTENTS
CHAPTER ONE: INTRODUCTION..........................................................................................................................1
Introduction................................................................................................................. ......................................1
Statement of Problem........................................................................................................................................1
Purpose of Study...............................................................................................................................................3
Research Questions.................................................................................................................................... .......4
Main Questions...................................................................................................................................4
Supplemental Questions.....................................................................................................................4
Significance of the Study..................................................................................................................................4
Methodology.................................................................................................................. ...................................5
Limitations of the Study......................................................................................................................... ...........6
Assumptions.....................................................................................................................................................7
Definition of Key Terms...................................................................................................... .............................7
Conceptual Framework.....................................................................................................................................8
Ontology.............................................................................................................................................8
Epistemology................................................................................................................. .....................9
Axiology...........................................................................................................................................10
Theoretical Framework........................................................................................................ ...........................11
Identity as Narrative..........................................................................................................................11
Development of Identity as Collaborative, Lived Experiences........................................................11
Teachers Becoming Agents..............................................................................................................12
Summary…………….....................................................................................................................................13
CHAPTER TWO: LITERATURE REVIEW..........................................................................................................15
Development of Teachers’ Professional Identities.........................................................................................15
Teachers’ Self-Actualization of Identity...........................................................................................16
Teachers’ Identity in Relation to Lived Experiences.........................................................................16
Teachers’ Identity in Relation to Figured Worlds............................................................................1 7
Learning Experiences Outside of the Classroom............................................................................................18
Understanding Identity Development Through Narrative Stories..................................................................19
Summary.........................................................................................................................................................20
CHAPTER THREE: METHODOLOGY.................................................................................................................22
Introduction.....................................................................................................................................................22
Participant Selection.......................................................................................................................................22
Data Collection.............................................................................................................. .................................24
Access and Entry Procedures...........................................................................................................24
Screening Survey............................................................................................................. .................24
Narrative Interviews.........................................................................................................................25
Data Analysis..................................................................................................................................................27
Dissemination Plan.................................................................................................................. .......................30
Methodological Limitations............................................................................................................................30
Timeline of the Study........................................................................................................ ..............................31
Summary.........................................................................................................................................................3 2
CHAPTER FOUR: FINDINGS: NARRATIVES FROM FIVE STEM EDUCATORS.......................................33
Introduction..................................................................................................................................................... 33
Narrative One: Andi’s Story............................................................................................................................34
Identity Development.................................................................................................................. .....35
Raising expectations for learning.......................................................................................35
Becoming a confident teacher............................................................................................37
Professional Growth and Learning...................................................................................................38
Growing content area expertise..........................................................................................38
Becoming a confident leader..............................................................................................39
Resources and Supports....................................................................................................... .............40
Unique program structure...................................................................................................40
Community partnerships................................................................................................... .41

vii

Funding for programs.........................................................................................................43
Summary..........................................................................................................................................44
Narrative Two: George’s Story.......................................................................................................................45
Identity Development.......................................................................................................................46
Raising expectations for learning.......................................................................................47
Fostering relationships for learning....................................................................................49
Professional Growth and Learning............................................................................................. ......50
Becoming a content area expert..........................................................................................50
Becoming a confident leader.............................................................................................. 51
Resources and Supports....................................................................................................................52
Curriculum and materials...................................................................................................52
Administrative support.......................................................................................................53
Summary........................................................................................................... ...............................54
Narrative Three: Morgan’s Story.......................................................................................................... ..........55
Identity Development.......................................................................................................................56
Identifying a STEM way of thinking.................................................................................57
Identifying as a leader........................................................................................................57
Professional Growth and Learning...................................................................................................59
Becoming a confident leader..............................................................................................59
Developing a STEM mindset.............................................................................................60
Resources and Supports....................................................................................................................61
Teacher interest.................................................................................................................. 61
Funding for programs.........................................................................................................62
Community partnerships....................................................................................................62
Summary..........................................................................................................................................63
Narrative Four: Simon’s Story................................................................................................ ........................64
Identity Development.......................................................................................................................65
Fostering relationships for learning...................................................................................65
Becoming a confident teacher............................................................................................67
Professional Growth and Learning............................................................................................. ......68
Developing pedagogical insights........................................................................................68
Growing content area expertise..........................................................................................70
Resources and Supports....................................................................................................................71
Community partnerships....................................................................................................72
Access to opportunities......................................................................................................73
Funding and incentives.......................................................................................................74
Summary........................................................................................................... ...............................76
Narrative Five: Gina’s Story...........................................................................................................................76
Identity Development.......................................................................................................................78
Raising expectations for learning.......................................................................................78
Fostering relationships for learning....................................................................................79
Transitioning career roles...................................................................................................81
From researcher to classroom teacher..................................................................81
From classroom teacher to teacher educator........................................................82
Professional Growth and Learning...................................................................................................84
Becoming a pedagogical expert..........................................................................................84
Becoming a confident leader..............................................................................................85
Resources and Supports....................................................................................................................87
Administrative support.......................................................................................................87
Funding for programs.........................................................................................................88
Summary........................................................................................................... ...............................89
CHAPTER FIVE: META THEMES ACROSS NARRATIVES AND INSIGHTS..............................................91
Introduction.................................................................................................................. ...................................91
Themes in Development of Professional Identity...........................................................................................92
Developing a Perspective on Informal Learning..............................................................................93
Fostering relationships for learning....................................................................................93

viii

Raising expectations for learning.......................................................................................94
Developing and Defining the STEM Educator Identity...................................................................96
Becoming a confident teacher............................................................................................96
Transitioning career roles...................................................................................................97
Summary on Development of Professional Identity.........................................................................99
Themes in Professional Learning and Growth.................................................................................................99
Growth in Content Knowledge.......................................................................................................100
In gaining content area expertise......................................................................................100
In becoming a content area expert....................................................................................101
Growth in Pedagogy.......................................................................................................................103
Growth in Leadership................................................................................................................. ....104
Summary on Professional Learning and Growth............................................................................105
Themes in Valued Resources and Support....................................................................................................105
Support from Others................................................................................................... ....................106
Community partnerships..................................................................................................106
School community support...............................................................................................107
Support of Programs.......................................................................................................................109
Funding for programs.......................................................................................................109
Accessibility to programs.................................................................................................111
Summary on Valued resources and Supports..................................................................................112
Divergent Findings........................................................................................................................................112
Insights Gained Through Narratives & Themes............................................................................................113
Development of Professional Identities as a Collaborative Effort...................................................113
Developing Professional Identity as a Living and Growing Process...............................................114
Summary of Findings....................................................................................................................................115
CHAPTER SIX: DISCUSSION, IMPLICATIONS, AND FUTURE DIRECTIONS.........................................117
Introduction...................................................................................................................................................117
Significance and Relevance to STEM Education..........................................................................................117
Implications for Practice...............................................................................................................................1 18
Importance of Building Relationships to Foster Learning...............................................................119
Fostering Motivation for the Profession........................................................................................ .120
Implications for Theory.................................................................................................................................121
Identity as Narrative........................................................................................................................121
Development of Identity as Collaborative, Lived Experiences......................................................122
Teachers Can Become Agents................................................................................................... .....122
Recommendations for Future Directions.......................................................................................................123
Concluding Reflections....................................................................................................... ..........................125
REFERENCES........................................................................................................................................................ ..127
APPENDICES...........................................................................................................................................................136
Appendix A: Visualization of Theoretical Framework.................................................................................137
Appendix B: Informed Consent Form...........................................................................................................138
Appendix C: Screening Survey.....................................................................................................................1 40
Appendix D: Interview Guide & Script.........................................................................................................142
Appendix E: Distribution of participant demographics................................................................................145
Appendix F: Distribution of individual participants’ responses in regards to research questions..................146
VITA...........................................................................................................................................................................147

ix

LIST OF FIGURES
Figure 1.1 Korthagen’s Onion Model for core reflection on teacher education………...……….14
Figure 1.2 Visual representation of Maslow’s hierarchy of physiological needs…………….….14

x

LIST OF TABLES
Table 1 Research Question Analysis………………………………………….………...……….29
Table 2 Timeframe of Study………………………………………………………………….….32

xi

CHAPTER ONE
INTRODUCTION
Although there is significant existing research regarding the benefits of informal learning
opportunities and student achievement and identity development, there is little existing research
specifically on informal STEM learning opportunities and the effects on participating teachers.
Framed in a socially constructivist lens, this study aims to examine middle and high school
STEM (science, technology, engineering, and mathematics) teachers’ professional identity
development through their reflective narratives on their own experiences of participating in
informal STEM learning opportunities (defined as professional, work-related activities that occur
beyond the classroom) such as participating in ongoing voluntary professional development
programs, mentoring STEM extracurriculars, and even engaging in STEM-related community
outreach opportunities. The narratives of five teachers are examined in this study, providing a
representation of middle and high school science and math teachers who engage in different
informal learning opportunities. These narratives were analyzed to more deeply examine factors
from these experiences that contribute most greatly to teachers’ professional identity
development, including how they view themselves and their roles in education and the learning
communities around them. The findings of this research are positioned to have significant
implications regarding justification for implementing such programs within schools.
Statement of Problem
Existing research has examined informal STEM learning opportunities (professional,
work-related activities that occur during everyday practice within schools but are not direct
instruction), yet there is still little research specifically on informal learning opportunities related
to teaching that occur outside of the typical school environment (Adams & Gupta, 2017,
Avraamidou, 2014; Bouillion & Gomez, 2001; Stokes & Craig, 2017). In addition, much of the
1

body of work that has examined informal learning opportunities (particularly those that are
STEM-related) has focused on the positive effects and benefits for students in their skills and
identity development as well as academic achievement in STEM subject areas (Mahoney, Cairns,
& Farmer, 2003; Penuel, Lee & Bevan, 2014; Sahin, Ayar, & Adiguzel, 2014). Although there is
currently significantly more understanding of impacts and benefits from informal learning
opportunities for students, some studies that have noted that even when asked to reflect on
impacts and benefits for themselves, many teachers found it challenging to differentiate between
positive impacts experienced by their students and impacts on themselves (Laursen, Liston,
Thiry, & Graf, 2007; Stocklmayer, Rennie, & Gilbert, 2010). This suggests that many of the
positive impacts on students participating in informal learning programs (such as increased
achievement, motivation, and engagement regarding STEM subject areas) may likewise be
exhibited among teachers who have participated in similar opportunities.
A gap exists in current research regarding the effects of these informal learning
opportunities on participating teachers, particularly regarding their professional identity
development. Exploring the impacts that informal STEM learning opportunities may have on
teachers in their professional growth could provide great insight for how such experiences
supplement motivation for teaching and overall job satisfaction and positive growth in the field
(Fisher & Royster, 2016; Tuchman & Isaacs, 2011). Findings also provide suggestions regarding
the justification for implementing such informal learning opportunities for teachers. In an effort
to better understand the impacts of informal STEM learning opportunities, this examines the
professional identity development of STEM teachers who have participated in various types of
informal STEM learning opportunities.
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Purpose of the Study
The purpose of this study is to explore teachers' professional identity development
through the recounts of their own experiences of participating in informal STEM learning
opportunities. Such identities also have profound impacts directly on teachers’ pedagogical
knowledge and practice (Gresalfi & Cobb, 2011; Hoekstra, Brekelmans, Beijaard, & Korthagen,
2009). As a part of fluid and dynamic identity development, teachers construct their own
understanding of "how to be," "how to act," and "how to understand" their roles in education and
society (Sachs, 2005; Wenger, 1999). Because teachers' self-perception of their professional
identities is a key part in this study's attempt to understand the impacts of experiences in
informal learning opportunities, the narrative interviews to be conducted can provide an avenue
of which such individual stories can be captured and deeply investigated. Sfard and Prusak's
definition of identity as a narrative further lends to the framework of examining teachers'
descriptions and retelling their experiences of participating in informal STEM learning
opportunities (2005). Through these narratives, teachers can further reflect on their selfunderstanding and perceptions of their roles within the teaching and learning communities in
which they act (Clandinin, 2007; Korthagen & Vasalos, 2005). By understanding their
positioning and subjectivities, they have a greater range in understanding the direct impacts that
they have on learners of all kinds in the learning environments in which they engage – both
within the classroom and outside of school. Researchers, teacher educators, and even
administrators and professional development personnel can examine the narratives of such
experiences to produce and promote more effective informal STEM learning opportunities that
can benefit both the teachers the teachers that participate.
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Research Questions
This study addresses the following research questions:
Main Questions
1. What aspects of informal STEM learning opportunities do STEM teachers find contribute
the most to their identity development?
2. What kind of learning and/or professional growth occurs during in-school informal
STEM learning environments?
3. What kinds of resources are necessary to provide effective informal STEM learning
opportunities that benefit identity development of STEM teachers?
Supplemental Questions
4. How might participation in out-of-school activities affect teacher motivation, retention in
STEM education, pursuit of leadership positions in education or impact their sense of
agency as STEM educators?
Significance of the Study
Understanding teachers’ professional identity development through their narrated
experiences gives great insight for teacher educators and providers of professional development.
Because teacher identity has such direct ties to their pedagogical beliefs, choices, and practice, a
better understanding of how such beliefs and identity are formed can provide suggestions for
ways in which teachers can be better supported in their efforts (Ball, 1996; Fisher & Royster,
2016; Penuel, Lee & Bevan, 2014). Teachers’ experiences with informal STEM learning
opportunities could also shed light on ways in which connections can be established for learning
within and outside of the classroom, through a transfer of knowledge in different learning
settings (Bransford, Brown, & Cocking, 1999; Ito et al., 2013; McDaniel, Yarbrough, & Besnoy,

4

2015; Penuel, Lee & Bevan, 2014; Sahin, Ayar, & Adiguzel, 2014). Because many informal
STEM learning opportunities present real-world, problem solving situations, a bridge can be
formed to connect both teachers and students’ content knowledge beyond the classroom. These
are important aspects that are yet to be further examined, especially in regard to broadening
access and participation in STEM education.
Findings from this study could likewise prove to be useful for teacher educators and
providers of professional development or enrichment programs in terms of understanding the
impacts that teachers’ participation in informal STEM learning opportunities may have on the
positive development of their professional identities. Being able to better understand what these
informal learning opportunities may offer in terms of professional growth can assist in the
justification of funding or more widespread and accessible implementation of such programs.
Furthermore, better understanding of such experiences and potential benefits that contribute to
positive attitudes and beliefs among teachers could motivate them to engage in deeper learning
of pedagogical approaches, best practices, and even form professional networks beyond their
schools (Ball, 1996; Desimone, 2009; Schlager & Fusco, 2003; Whitworth & Ciu, 2015) Such
findings could be useful for teacher educators, researchers, and even providers of professional
development in their program design and preparation of teachers.
Methodology
This qualitative study examines the personal experiences of middle and high school
STEM teachers who have participated in informal STEM learning opportunities. In particular,
this study examines the factors from these experiences that teachers find contribute the most to
their identity development, as well as the kinds of resources that teachers need to have an
effective experience from these informal learning opportunities. Through a voluntary online
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screening survey of teacher groups from East Tennessee (via Google Forms), respondents were
asked about their experiences participating in informal STEM learning opportunities. From
respondents to the screening survey that indicated interest for a follow-up interview, a very select
number of teachers were contacted for in-person, narrative interview about their individual
experiences. The specific details of the methodology of this study are further described in
Chapter Three.
Limitations of the Study
The following are potential limitations that may be present in this study. One limiting
factor for this study may be a compromise in validity, as informal learning opportunities may not
be as highly supervised or evaluated in terms of accountability as more formal learning
opportunities. Furthermore, teachers are choosing to participate in such informal learning
opportunities of their own free will, suggesting different potential incentives and reasoning that
contribute to individual motivation for pursuing these experiences. Because this study
particularly focused on teachers' experiences in informal STEM learning opportunities, only
middle school and high school teachers were appropriate potential participants for this study due
to their subject-specific classrooms. The reflections narrated by the selected interview
participants may also be limited to their descriptions and recollections of their experiences in
participating in informal learning opportunities, therefore potentially impacting the
interpretations in analysis. It was my duty as the researcher to navigate between evidence from
stories shared by participants and interpreting their narrations in order to understand the personal
meanings described (Polkinghorne, 2007).
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Assumptions
This study is presented with the researcher’s beliefs that informal STEM learning
opportunities serve as learning environments that have significant impacts that contribute to the
development of individual character and professional identity (Penuel, Lee & Bevan, 2014; Sfard
& Prusak, 2005). Another underlying assumption is that there are specific aspects from
experiencing these opportunities that contribute most significantly to an individual teacher’s
identity development, different than factors that are normally experienced from more formal,
within-school or classroom learning opportunities.
Definition of Key Terms
The following are definitions of key concepts that are essential in this study’s
investigation of informal STEM learning experiences impacting STEM teachers’ professional
identity development.
● Professional Identity - The basis of which teachers understand their position, roles,
responsibilities, and voices in their professions as educators in relation to their learning
communities as well as society. In particular, for this study, these professional identities
are a psychological understanding of “Who am I?” and “What do I do?” based on lived
experiences and the many layers of relationships, conversations, and actions that take
place in informal learning experiences. (Beauchamp & Thomas, 2008; Penuel, Lee &
Bevan, 2014; Sachs, 2005; Sfard & Prusak, 2005)
● Identity Development through Narrative Reflection - The act of looking at individual
thoughts and practices in evaluation of effective teaching actions and engage in discourse
for shaping and contributing to understanding the sense of self (Korthagen & Vasalos,
2005; Watson, 2006)
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● Informal STEM Learning Opportunities - Unstructured, non-mandatory instances in
which both participating teachers and students explore problem-solving, engage in
discussion, and develop individual understanding. Examples could include self-directed
learning, networking, coaching, mentoring, and other indirect, professional-related
activities (Marsick & Watkins, 2001) In this study, it is likewise important to note that
these activities are instances that are optional and attended by choice of participants.
● Agency - The position of power in which an individual has the capacity for enacting
change. In this instance, the action discussed involves the establishment of greater
availability of STEM learning opportunities and resources for learners of all kinds
(Holland, Skinner, Lachicotte, & Cain, 1998; Naraian & Schlessinger, 2018; Sloan, 2006)
Conceptual Framework
The following is an outline of the conceptual and philosophical basis for this study. A
visual representation of this theoretical framework can be seen in Appendix A.
Ontology
As teachers participate in informal STEM learning opportunities of their own choice, the
experiences of which they gain through such participation lends to the development of their
individual perceptions and how they perceive themselves as professionals (teachers). This
experiential and relative viewpoint has grounds in humanistic theory, and Polanyi (1958) best
describes the construction of understanding and self-awareness as occurring when individuals
can take an experience and make meaning or relevance (Maslow, 1968; Yang, 2011). Through
the development of self-awareness, teachers undergo the process of reflection and personal
understanding of individual identities. The experiences gained from participating in informal
STEM learning opportunities contribute greatly to teachers’ self-awareness and meaning-making
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of their identity and roles in their profession. The importance of examining teachers’ identities in
educational research stems from the need to understand teachers’ pedagogical knowledge,
perspectives, and choices (Boaler, 2002; Burke & Stets, 2009; Gresalfi & Cobb, 2011; Sfard &
Prusak, 2005). This deeper understanding of individual identity through teachers’ unique
personal reflections can also therefore be captured by the researcher for interpretation through
narratives.
Epistemology
This study is also grounded in a social constructivist paradigm, with the lens defining that
the world is constructed based on experiences and behaviors that lend to self-awareness and
purpose in being. In the context of teachers participating in informal STEM learning
opportunities, it is the experiences of engaging in these activities that contributes greatly to the
development of their professional identities. Bruner (2003) connects the development of
identities through individual narratives as a product of telling a story about a personal
experience. It is through these narratives and reflection in which teachers can become self-aware
of their roles, responsibilities, and relationships as educators, forming their individual
understanding of professional identity and what a teacher “should be.” The development of this
identity and self-awareness of beliefs is greatly impacted by individual life experiences (ex: the
informal STEM learning opportunities in which they participate) (Bruner, 2003; Gee, 2001;
Sfard & Prusak, 2005). The stories in which teachers tell through their narratives provide the
insight needed to understand how teachers view and define the beliefs and relationships that
define their professional identities.

9

Axiology
Through the experiences, processes, and discourse that occur through social interactions
that teachers are involved, their individual narratives continue to change through shifting selfhistories and identities (Clandinin and Connelly, 1989; Gee, 2001; Schafer, 1981). Teachers’
narratives on the impacts of informal STEM learning opportunity on their individual identity
development are in essence a retelling of their experiences and therefore autobiographical. From
the researcher’s perspective, the possible meaning and truths of these narratives must be
approached with a hermeneutically interpretive lens. The researcher may also engage in
additional narrative inquiry to pursue a deeper understanding of teachers’ believed truths
regarding their own identities (Lincoln & Guba, 1985). As teachers’ viewpoints and selfawareness of their individual identities shift with gained life experiences (such as continual
involvement in varying forms of informal STEM learning opportunities), their narratives also
shift (Peshkin, 1988; Schafer, 1981). Although teacher identity development is a continual
growth and has potential to shift, examining their identities through individual narratives is still a
foundational way to understand the very personal impacts from experiencing and investing
efforts to participate in informal STEM learning opportunities. As defined by Sfard and Prusak
(2005), teachers’ identities as described through narratives and reflections serve as the
cornerstone for identifying aspects of informal learning opportunity experiences that have
contributed to each individual teacher’s growth. More specifically, the lived experiences from
each teacher’s exposure to informal learning opportunities (Holland & Liander, 2004) create rich
layers of individual understanding of what they feel becomes the meaning of being a STEM
educator.
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Theoretical Framework
The following sections highlight three main theoretical components for which this study
has been formed: the view of identity as a narrative; the development of identity as a
collaborative, lived experience; and that teachers can become agents for learning.
Identity as Narrative
Identity has been used in progressively more as a lens for understanding effects that
social interactions and lived experiences have on both theory and practice (Boaler, 2002; Civil,
2007; Hand & Gresalfi, 2015; Horn, Nolen, Ward, and Campbell, 2008; Wenger, 1999). By
examining identity as being formed and heavily impacted through situated and lived experiences
as well as social interactions, narratives from individual educators can be explored to better
understand the development of their professional identities. This framing of identity as being
situated and collectively shaped through different lived experiences creates unique accounts for
identity stories from participants, recounting different happenings in their figured worlds for
which they interact. Through the descriptions of the different relationships and actions during
these experiences, teachers are able to view their own roles and positioning during these
programs (Herbel-Eisenmann et al, 2015; Watson, 2006). The understanding of these social
dynamics is an important aspect in better understanding the different types of relationships and
resources that are needed in order to support meaningful experiences throughout informal
learning environments.
Development of Identity as Collaborative, Lived Experiences
The development of teachers’ professional identities is not only narrative and continually
growing, but it is also deeply impacted by the social and cultural relationships that are involved.
The understanding and perception of who they are as educators is directly related to their
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perceptions and descriptions of individual practice, roles, and expectations (Calabrese-Barton et
al, 2013; Civil, 2007; Hand & Gresalfi, 2015; Nasir and Cooks, 2009). Lived experiences
through different learning opportunities continually build on an educator’s professional identity,
which shifts and changes as the individual educator further grows and undergo various
experiences (Greeno & Gresalfi, 2008; Hand & Gresalfi, 2015; Horn et al., 2008; Wenger, 1999).
All of the potential conversations and interactions with students, colleagues, community partners,
families, and more contribute to the professional learning and development of identity among
each of these individuals. By participating in informal STEM learning opportunities, the teachers
involved encounter and interact with a whole different subset of social dynamics that contribute
to their intricate professional identities and positioning.
Teachers Becoming Agents
The third aspect of the theoretical framework for this study is the development of
teachers in the understanding of their identities such that they can shift away from interacting
solely with their environment and subsistence levels (see Figures 1 and 2) (Fisher & Royster,
2016; Korthagen & Vasalos, 2005). Through this shift and growth from experiences in informal
STEM learning opportunities, teachers are then able to move towards developing and
understanding their own identities and mission (or purpose) as teachers, through what Fisher and
Royster have called “self-actualization,” in their adapted model of Maslow’s hierarchy of
physiological needs related to teaching (2016). It is through this higher, broader-impact
viewpoint in their identity development in which teachers can begin thinking about their
positioning and potential agency as educators (Hand et al., 2013; Holland, Skinner, Lachicotte, &
Cain, 1998; Naraian & Schlessinger, 2018; Malian, 2011; Sloan, 2006; Waitoller & Kozleski,
2013). This vision of having greater impacts on others could include the ways in which they
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Figure 1.1 - Korthagen’s Onion Model for
core reflection on teacher education.

Figure 1.2 - Visual representation of
Maslow's hierarchy of physiological needs as
they relate to the teaching profession.

could possibly be advocates for others in achieving greater access to quality education
opportunities, such as those provided through informal STEM learning opportunities.
Furthermore, there is also a potential in which teachers could become agents and advocates for
themselves, in better understanding their own needs in order to be successful and continually
motivated in their professions. This type of realization is very psychological and personal, as
well as vital for promoting a healthy long-term career (Cote and Levine, 2002; Erikson, 1968).
Through self-actualization and understanding of their core mission as teachers, greater
fulfillment can also be established, creating a cycle of motivation and inspiration for their career
well-being.
Summary
This chapter outlined the groundwork of this research study, highlighting the statement of
problem, purpose of study, research questions, significance of study, proposed methodology,
limitations and delimitations, assumptions, definition of key terms, and finally a theoretical
framework. Chapter Two provides an overview of a literature review that surveys the
13

foundations for significance and theory of this study. Chapter Three goes more in-depth into an
overview of the proposed methodology for conducting research and analysis. Chapter Four
provides an overview of all participant narratives, with initial analysis. Chapter Five describes
meta themes across all participants. Finally, Chapter Six will provide for discussion,
implications, and concluding reflections for the study.
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CHAPTER TWO
LITERATURE REVIEW
In this literature review, I highlight existing research on the development of teachers’
professional identities and the different facets in which they are affected by informal learning
opportunities. Much existing current research has focused on generalized identity development
and informal learning opportunities, so this literature review provides for some potential
implications regarding STEM-related specific informal learning opportunities and their impacts
on teachers of STEM subjects. This literature review highlights the following aspects: 1)
understanding of how teachers’ professional identities are shaped by lived experiences, 2) what
kinds of potential factors and impacts informal learning opportunities have on teachers, and 3)
how teachers’ experiences in informal learning opportunities can be explored through studying
their narratives and the implications that can be garnered from their stories.
Development of Teachers’ Professional Identities
Teachers’ experiences from various career-related activities greatly shape and lend to the
construction of many aspects of their professional identity development. Existing studies on the
development of teachers’ professional identities have revealed that these informal learning
opportunities in general are highly influential on changes in teachers’ cognition, pedagogical
understanding, perspectives towards students, and overall dispositions and attitudes towards
teaching and learning (Bransford, Brown, & Cocking, 1999; Penuel, Lee & Bevan, 2014;
Vangrieken, Meredith, Packer, & Kyndt, 2017). This professional identity, defined as the basis
of which teachers understand their position, role, responsibilities, and voices in their profession,
is developed through each individual teacher’s practices, actions, and beliefs (Beauchamp &
Thomas, 2008; Penuel, Lee & Bevan, 2014; Sachs, 2005; Sfard & Prusak, 2005). In the
following paragraphs, I will describe how teachers’ professional identities develop from their
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experiences informal learning opportunities through three psychological concepts: 1) selfactualization of identity, 2) identity in relation to lived experiences, and 3) identity in relation to
figured worlds.
Teachers’ Self-Actualization of Identity
In this study, teachers’ identities are first and foremost defined as how they view
themselves as professionals engaging in their respective roles during experiences both within and
outside of school (Sfard & Prusak, 2005). However, even more importantly in this study is that
teachers develop this individual understanding of their identities through lived experiences that
establish their positionality and cognitive awareness of who they are as STEM individuals. The
conceptualization of self and understanding of one’s own behavior and character in a social
structure are very psychological and personal (Cote and Levine, 2002; Erikson, 1968).
Developing this strong self-awareness of positive professional identity is highly important for a
healthy long-term career among teachers and also has direct implications for students’ academic
performance and achievement (Fisher & Royster, 2016).
Teachers’ Identity in Relation to Lived Experiences
In this study, the many roles assumed by STEM teachers outside of the classroom in
informal learning opportunities serve as the roots of developing a more robust professional
identity. Through actively participating in such kinds of experiences, teachers take part in
producing a cultural conception of their purpose and positioning as a teacher beyond the regular
classroom (Ball, 1996; Holland & Leander, 2004; Penuel et al., 2009; Whitworth & Chiu, 2015).
The relationships and interactions that teachers create and engage in between the students and
families involved, community partners, volunteers, mentors, sponsors, and more are what build
what Holland and Leander (2004) describe as a “lamination” of deep layers that all contribute to

16

a complex professional identity. All of the unique relationships, conversations, and experiences
gained outside of the classroom deepen and change teachers’ perceptions and understanding of
their identities as multi-faceted professionals in education. It was the goal of this study to tap into
documenting, interpreting, and understanding teachers’ narrative stories of these opportunities
while also examining implications for how they describe the relationships and conversations they
have during these experiences.
Teachers’ viewpoints of who they are as professionals directly relate to the different
interactions and participation among varied resources, relationships, and experiences
encountered through various types of informal learning opportunities (Hand & Gresalfi, 2015).
These personal viewpoints are what determine individual understanding of a professional self
and identity, based on lived experiences through differing learning opportunities. The different
roles, practices, and relationships developed in such out-of-school activities shape teachers’
understanding of themselves as they approach communities both in and outside of school.
Teachers’ Identity in Relation to Figured Worlds
Through alternative activities that promote critical thinking and problem solving like
those often found in informal STEM learning, teachers engage in opportunities to use different
skills than those used in their classrooms and further develop or change individual beliefs and
perspectives regarding the profession (Hoekstra & Korthagen, 2011; Sahin, Ayar, & Adiguzel,
2014). Calabrese-Barton et al. give this sense of how identity is developed from time and places
called “figured worlds,” where people come to conceptually produce self-understanding of who
they are and where they belong in a complex social community (2013). It is through these
informal STEM learning figured worlds in which teachers can create lived experiences that
contribute to their understanding of self as STEM educators, as they navigate relationships
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between different people, resources, roles and responsibilities, and positioning (Calabrese-Barton
et al, 2013; Hand & Gresalfi, 2015; Nasir and Cooks, 2009). Teachers’ understanding of who
they are as STEM educators becomes directly related to their perceptions and descriptions of
their individual practice, roles, and expectations in the informal learning opportunities they
partake.
Learning Experiences Outside of the Classroom
The social interactions, roles, positioning, and culture structures in place from
participating in informal learning opportunities create the many layers that teachers understand to
form their identities. To better understand what kinds of potential factors and impacts that
informal learning opportunities may have on teachers’ identity development, this study adopts
the model described by Nasir and Cooks (2009), which describes three different types of
resources that contribute to the development of identity through lived experiences. In the lens of
STEM learning, the three types of resources are material resources (such as technology or tools),
relational resources (relationships or partnerships formed with others in the programs), and
ideational resources (beliefs or ideas about the experiences or one’s role in such learning
opportunities) (Nasir & Cooks, 2009). While these different resources may each contribute to
teachers’ views of personal identity in different capacities, they could also be related and provide
insight on how STEM teachers navigate available resources and supports in informal learning
settings. Similarly, Calabrese-Barton et al. (2013) make note of “identity artifacts,” which allow
for students to better recognize their own identities in relation to societal norms, contexts, and
symbolism. These types of factors could also exist for teachers who participate in out of
classroom activities, providing guidance for personal understanding of themselves as STEM
educators.
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There is more to be learned from hearing teachers’ narratives on maneuvering such
resources and how they may position themselves to access and leverage the communities they
work with in using these resources, depending on the roles that they partake (Calabrese Barton et
al., 2013). This continual balance and exploration of out-of-classroom experiences and
opportunities contributes to the understanding of individual teachers’ positionality and identities.
While multiple STEM educators could participate in similar programs, professional workshops,
or community outreach, they ways in which they construct their relationships and experiences
are very personal and thus contribute to unique narratives. By diving deep into these educators’
narratives, we can gain better understanding of how teachers navigate the social structures and
positioning encountered in informal learning environments and communities.
Understanding Identity Development Through Narrative Stories
Returning to Sfard and Prusak’s (2005) situated framework for teacher identity, this study
looks to examine in-depth the relationship between the construction of an individual teacher’s
narrative and the construction of their understanding of their professional identity. As identity is
defined in this study as an individual’s active participation and understanding of positioning in
relation to informal learning opportunities, exploring the narrative stories from teachers who
have participated in these kinds of experiences can highlight the personal interactions, thoughts,
and perceptions that participants engage with. It was my role as the researcher to assist
participants in reflecting on their lived experiences, especially with shining a light on potential
unconscious relationships, actions, or dynamics that participants may have encountered during
their informal learning experiences (Polkinghorne, 2007). The ways in which participants may
describe these relationships and actions also served as indicators as how they view their roles and
positioning in the informal learning environments. For example, a teacher who actively engages
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in a STEM-related community outreach who describes themselves as a coordinator or school
liaison may very well have a different self-image of their identity as a STEM educator in
comparison to a teacher who describes themselves as a participant of such outreach
opportunities. Herbel-Eisenmann et al. also describe that such stories and perspectives contribute
to teachers’ understanding of their “personal positioning,” of which describe the unique social
structures formed from each individual’s experience (2015). By examining the unique narratives
of how teachers come to describe the understanding of their roles and positioning during
informal learning experiences, we can better understand the kinds of resources and support that
contribute to their success in such activities.
Summary
The three different types of informal learning opportunities described by this literature
review are only some of the ways in which to encourage teachers to enact their power and
agency for broadening access for STEM education. Out-of-school, informal learning experiences
allow for greater access to community, educational, and industry partners who can address
challenges such as inadequate representation in STEM fields (Holland, Skinner, Lachiotte, &
Cain, 1998; Waitoller & Kozleski, 2013). As agents for promoting more accessible opportunities
for all learners, teachers can be involved in STEM-related informal learning opportunities and
use their voices to enact change and lift potential barriers that impede underrepresented students
from participating in such beneficial programs (Fancsali, 2002; Malian, 2011; Waitoller &
Kozleski, 2013). Through informal professional development programs, teachers can develop a
sense of leadership and purpose in their professional identity by feeling empowered to contribute
to the field of education and continuing learning as teachers. Through mentoring extracurriculars,
teachers can view themselves in a position to open opportunities for access and equity in STEM
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enrichment programs. With community outreach and service, teachers can further develop
understanding of their roles and identities within local communities by inspiring others about
STEM education.
The current literature on student participation in informal learning opportunities and the
positive impacts that these experiences have on their identity development and achievement is
substantial. Therefore, this study intends to contribute to the better understanding of impacts that
these programs have on the teachers involved. In a current climate of education where school
districts are forced to make budgetary decisions that could potentially cut the funding for
informal learning programs, it is necessary to better understand how such opportunities
positively impact teachers just as well as the students affected. Providing justification for such
programs is imperative for developing communities of informal learning that can serve as
support and enrichment for both teachers and students alike. Creating greater accessibility for
these kinds of programs and resources has implications for many factors concerning teachers and
their commitment to the profession and overall pedagogical philosophies.
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CHAPTER THREE
METHODOLOGY
This chapter highlights the methodology for conducting the research and analysis for this
study through discussion of the theoretical basis of the methodology, study context, participant
selection, data collection, data analysis, methodological limitations, and finally the timeline of
the study. This study was conducted with middle and high school STEM (science, technology,
engineering, and mathematics) teachers from a large public-school district in East Tennessee.
The school district serves nearly 4,000 certified educators and 60,000 students, from Pre-K to
high school (12th grade), in about 90 schools.
Participant Selection
Because the focus of this qualitative study centers around individual professional identity
development and personal narratives of the teachers who have participated in informal STEM
learning opportunities, generalization of the findings from these narratives was not a priority.
Therefore, purposeful sampling was used in this study to select maximal variation of interview
participants to provide a range of differing narratives from teacher who have engaged in informal
learning opportunities (Creswell, 2007; Patton, 2002). The reasoning behind choosing only to
examine middle and high school STEM teachers was that teachers in this grade range (6-12) tend
to be much more content-specific in their day-to-day teaching than elementary grade (K-5)
teachers (McDaniel, Yarbrough, Besnoy, 2015). Because of their content focus (math, science, or
STEM in general), they were more likely to engage in participating in informal STEM learning
opportunities such as sponsoring extracurriculars or community outreach. By focusing on this
grade band of teachers in the participant selection process, the researcher intended to maximize
the sampling of teachers who had knowledge of and participated in informal STEM learning
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opportunities, as it was not conducive to the study to examine teachers who do not have this
knowledge or experience.
The initial screening survey was distributed to all secondary (middle and high school)
STEM teachers in the district, with the assistance of district professional development personnel
who had the ability to share the survey via email with middle and high school math and science
teachers who have participated in informal STEM learning opportunities. However only ten
responses were received that indicated agreement for participating in the next step of the study
(narrative interview) and were of middle or high school teachers. From those screening survey
responses, participants were selected to provide representation from middle and high school
teachers, with further diverse representation on variables such as gender, years of teaching
experience, subjects taught, grades level taught, and types of informal STEM learning
opportunities experienced. One participant with an elementary school background was included
due to her/his deep experience with STEM programs and curriculum, and the inclusion of her/his
viewpoint (more administrative than that of a classroom teacher) was to provide a richer
representation of STEM educators in different roles and positioning. Due to the limited time
frame of this study, only five participants were selected in order to capture maximal variation in
the duration of data collection and analysis (two months) feasible for this study. Having five
participants at minimum guaranteed that even if there were overlap between factors (such as
grade level taught), participants may have enough different variables (such as years of
experience, types of informal learning opportunities participated) to describe through their
narratives.
Besides providing their consent for interviewing, these few interviewed teachers were
selected to their representation of different types of informal STEM learning opportunities as
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well as their teaching experience and distribution of subject areas and grade levels taught.
Furthermore, the researcher also sought to select participants who had a prior working
relationship, as this subjectivity could allow for a deeper, more open, and candid dialogue for
sharing prior experiences (both positive and negative) in informal learning opportunities. The
narratives and stories from these five interview participants provided enough insight into a range
of different experiences in informal STEM learning opportunities while also creating
connections and opportunities for exploring relationships on the subject of teachers’ professional
identity development from these experience in order to create unique narratives with connecting
themes.
Data Collection
The following is a chronological description of data collection procedures which were
followed for this study, including the access and entry procedures, the screening survey, and
narrative interviews. Documents involved in data collection can be viewed in the Appendix
(Appendix B - Informed Consent Form, Appendix C - Screening Survey, and Appendix D Interview Guide & Script).
Access and Entry Procedures
Research approval was granted through the school district’s internal research department,
which is a requirement to proceed with the Institutional Review Board process. Research
approval was also granted by the University of Tennessee’s Institutional Review Board.
Screening Survey
With the assistance of STEM facilitators and coaches of the study school district, a
screening survey was distributed to middle and high school teachers of STEM subject areas.
Informed consent was displayed on the screening survey, and participants were required to
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indicate consent to continue with the survey. Items that were asked on the screening survey
included: amount of teaching experience, subject and grade levels taught, measure of familiarity
of informal STEM learning opportunities in the local community, type of involvement and
duration (for how long) of involvement in informal learning opportunities (Appendix A).
Respondents also answered a final question, indicating whether or not they would be willing to
participate in the next step of the research project, involving an in-person interview. Only
participants who indicated that they wished to continue with this narrative interview portion were
contacted for advancing in the study. In total, only ten survey respondents indicated interest for
continuing to the narrative interview portion of the study. From those ten respondents,
participants were selected based on variation of grade level, years of teaching experience,
gender, types of informal learning experiences participated, as well as prior professional working
relationship with the researcher to promote more candid responses during the narrative
interviews. Due to the limited time frame of this study, only five participants were selected in
order to capture maximal variation in the duration of data collection and analysis (two months)
feasible for this study. The data gathered from this initial survey served as only a screening
process for the interview component and was not further analyzed for quantitative purposes.
Narrative Interviews
The narrative interviews from the selected participating teachers served as the primary
data source for this study. The interview process loosely followed Hermanns’ narrative format,
with three situations (1995): the initial situation, in the context of “how did you start” becoming
involved with informal STEM learning opportunities, then “how things developed” during
experiences and progression of events during involvement with informal STEM learning
opportunities, and finally “what became,” regarding the development of STEM teachers’
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professional identity after having been involved in informal STEM learning opportunities. With
this open-ended format in mind, the participants were prompted to share their individual
experiences gained through their involvement in informal STEM learning opportunities in a
reflective storytelling manner. Additionally, semi-structured interview questions (see Appendix
D) were also be used as prompts to guide the participants towards sharing further detailed
accounts of their experiences (Clandinin, 2007; Hatch, 2002; Hermanns, 1995; Rosenthal, 1993).
These narrative interview provided visualization of each participant’s experiences of being
involved with informal STEM learning opportunities, allowing for an understanding of important
relationships and factors that have come to contribute to their professional identity development
(Clandinin, 2007; Hatch, 2002; Rosenthal, 1993; Weiss, 1994). These questions (Appendix D)
were but a sampling of the prompts that the researcher used to drive the participants’ narrative
stories towards deeper descriptions about how they understand their identities and positioning as
STEM educators. Each of these interviews was approximately 60-90 minutes in length, and
audio was recorded and transcribed for analysis.
During this interview, participants were asked to describe their individual experiences
during the informal learning opportunities of which they have participated, with guided questions
regarding the ways such experiences may have impacted each teacher’s individual practice,
content and pedagogical knowledge, perspectives of their profession, motivations for teaching,
and other factors contributing to the development of their individual professional identities. The
audio from these narrative interviews were recorded and then transcribed for analysis. The
reflections gathered from these narrative interviews were then be coded in vivo through
continuous cumulative coding cycles, with constant comparisons (Saldaña, 2013). To address
validity and credibility concerns in the coding process, member checks were performed,
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involving consultation of the interview participants regarding the accuracy of interview
transcriptions and the following interpretative analysis.
Data Analysis
During this study, informal and formal data analysis took place regarding both the
screening survey responses and the narrative interviews, in relation to each of the research
questions (Table 1). Informal data analysis occurred during the collection of screening survey
responses as well as during interviews. This process provided organization and quality-checking
of received responses, as well as preliminary analysis for providing insight to implications and
overall recurring themes. The researcher also kept a research journal in which to note such
recurring themes, anomalies, significant findings, and researcher subjectivities during this
informal analysis process (Peshkin, 1988). Patterns and findings during the informal analysis
portion of the screening survey contributed to adjustments in the questions and process of
conducting the following narrative interviews.
Formal data analysis took place for the main source of data in this study, the
transcriptions from the audio of the narrative interviews. The reflections gathered from these
narrative interviews were then be coded in vivo through continuous cumulative coding cycles,
with constant comparisons (Saldaña, 2013). This type of coding provided the framework in
which the participating teachers’ identity development based on their experiences of being
involved with informal STEM learning opportunities. In the first cycle of coding, each interview
was analyzed separately, through multiple readings and examined for important recurring themes
throughout the interviewees’ responses that were organized for significant findings that address
the three research questions. These open codes contributed to concrete examples of factors
contributing to participants’ understanding of their professional identities as STEM teachers.
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For the next portion of analysis, factors from all interviews were categorized into
different domains that describe significant themes that have been found as contributors to STEM
teachers’ identity development. The main domains found from the categorizations were then be
analyzed and organized into axial codes for a subsequent round of coding (Saldaña, 2013;
Strauss & Corbin, 1990). These emergent themes also provided an opportunity to examine
anomalies amongst the data, or any cases in which teachers may have instead found their
experiences with informal STEM learning experiences as not significant contributors to their
professional identity development.
During the data analysis process of this study, validity and credibility were important
factors to consider and attain. To address validity and credibility concerns in the coding process,
member checks were performed, which involved the consultation of the interview participants
regarding the accuracy of interview transcriptions and the following interpretative analysis.
Interpretive validity was also sought by presenting participating teachers’ narratives in the
manner of which they chose to tell their stories (Maxwell, 1992). In doing so, the factors
examined that contribute to teachers’ professional identity development are those found to be
most substantial based on the ways in which the teachers describe in their narratives. Member
checking was used to verify interpretations of teachers’ narrative descriptions, and the
interpretative analysis was shared with participants for their feedback (Creswell, 2007).
The specific ways in which data will be gathered and then analyzed for each research
question can be found in Table 1 on the next page.
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Table 1: Research Question Analysis
Research Question

Data Source

Data Analysis

Screening Survey (Appendix
C) and Narrative Interview
(Appendix D; general initial
questions about individual
experiences)

Analyzed and serve as the
coding framework for
defining teachers’ selfawareness and understanding
of their own identities.

What aspects of informal
STEM learning opportunities
do STEM teachers find
contribute the most to their
identity development?

Narrative Interview
(Appendix D; Questions 5-11
on specific impacts from
informal STEM learning
opportunities)

Transcribed and analyzed as
collected, with multiple
iterations of analysis and
coding.

What kind of learning and/or
professional growth occurs
during in-school informal
STEM learning
environments?

Narrative Interview
(Appendix D; Questions 1217 on professional learning
experiences)

Transcribed and analyzed as
collected, with multiple
iterations of analysis and
coding.

What kinds of resources are
necessary to provide effective
informal STEM learning
opportunities that benefit
identity development of
STEM teachers?

Screening Survey (Appendix
C; Question 8 - describing
teachers’ familiarity with
awareness of informal
learning opportunities in
community); Narrative
Interview (Appendix D;
Questions 20-22 on
perspectives towards informal
learning opportunities)

Transcribed and analyzed as
collected, with multiple
iterations of analysis and
coding.
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Dissemination Plan
As requested in the agreement for conducting research involving the study school
county’s participating teachers, a copy of the finished dissertation work and reports of all
research findings will be provided to the school district’s internal research department for their
records. These findings may also serve to be informative for personnel overseeing the
implementation of informal STEM learning opportunities for students and teachers in the county.
Study participants who may have requested updates involving their contributions to the project
may also be presented with a copy of the dissertation work and/or reports of the research
findings. Per IRB approval, the research findings may also be submitted to be presented at local
or national educational research conferences for further contribution of findings in the field of
STEM education.
Methodological Limitations
The narrative interviews are used in this study with a significant assumption that the
stories of which the participants tell are factual experiences, describing a series of events,
actions, and relationships that have taken place during the participation in informal STEM
learning opportunities. The study therefore moves forward with this assumption that the
recollections from participants are perceived by them as reality as they experienced these events.
With this assumption, a potential limitation could be that participants’ memories could be
influenced during the actual process of narration, suggesting divergence from what may have
been the “true” experience (Hermanns, 1995; Lincoln & Guba, 1985; Polkinghorne, 2007;
Rosenthal, 1993). Because of this, the structure of this study takes into consideration the
potential divergence during a fully-open narrative interview and brings in semi-structured
interview questions to help direct interviewees to further explain and detail their experiences in
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their storytelling (Appendix D). Although these few interviews provided a deep understanding of
each participant’s experiences in informal STEM learning opportunities, they only represent a
small amount of all experiences of teachers who have participated in similar opportunities, which
suggest that such positive experiences outside of the classroom could have similar effects on
other teachers who experiences similar opportunities.
Timeline of the Study
The following features the timeframe for which the study was conducted. The school
district’s STEM coordinators and coaching personnel were contacted for distribution of the
screening survey. Analysis of responses began in the process of choosing potential narrative
interview participants. Once those participants were selected and invited, interviews were
scheduled and conducted. During the interview process, transcription and preliminary data
analysis occurred. Once interviews concluded, data analysis and preliminary writing for the
reporting of findings began. The timeframe for which the study occurred is outlined in Table 2,
on the next page.
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Table 2: Timeframe of Study
Timeframe

Component

December 2018 - January 2019

● Distributed screening survey
● Conducted preliminary analysis of screening
survey responses
● Identified potential interview participants based on
screening survey responses

January 2019 - April 2019

● Conducted narrative interviews
● Conducted transcription, preliminary data analysis

April - May 2019

● Analyzed narrative interview data
● Preliminary writing

May - August 2019

● Engaged in writing and revisions

August 2019

● Engaged in final revisions
● Defend

Summary
This qualitative study examined middle school and high school STEM teachers’ narrative
stories on their experiences of participating in informal STEM learning opportunities. Through
these recollections, the researcher hoped to shed light on aspects of these experiences that have
contributed to the development of each participant’s professional identity development. This
study took place in a moderate-sized public school district located in East Tennessee.
Participants were selected to participate in the narrative interviews. These interviews were
analyzed in-depth for further interpretation and deeper understanding of each participant’s stories
and perceptions of selves as STEM educators through lived experiences with informal learning
opportunities.
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CHAPTER FOUR
FINDINGS: NARRATIVES FROM FIVE STEM EDUCATORS
This study focused on three main research questions, in an effort to better understand the
impacts of informal STEM learning experiences on the development of STEM teachers’
professional identities:
1. What aspects of informal STEM learning opportunities do STEM teachers find contribute
the most to their identity development?
2. What kind of learning and/or professional growth occurs during in-school informal
STEM learning environments?
3. What kinds of resources are necessary to provide effective informal STEM learning
opportunities that benefit identity development of STEM teachers?
In this chapter, the following qualitative analysis will provide an overview of the findings
of these three questions based on the five participants’ narrative interviews, describing their
experiences in STEM education and opportunities to engage in informal STEM learning beyond
their classrooms. Each narrative will be preceded by a brief introduction to the participant and an
overview of their roles and experiences as a STEM educator. Each narrative will then be
analyzed in regards to the three main research questions, closing with a brief summary of the
findings for the individual participant. At the end of this chapter, a cross-participant summary
table will highlight key thematic descriptions and representative quotations across the five
participants. Chapter Five will go further in-depth regarding cross-participant narrative analysis
and themes, highlighting meta similarities and insights through reflections of each participant’s
lived experiences during their careers in STEM education. Chapter Six will then dive into
discussion, implications, and future directions for this study.
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In the following narrative stories, all participants’ names used are pseudonyms, and an
overview of their demographic data (including provided gender, years of teaching experience,
subjects taught, and grade levels taught) can be found in Appendix E.
Narrative One - Andi’s Story
I could recognize the voice of my first participant, Andi, anywhere. Hearty, warm, and
easily filling the room with excitement, you can tell by the sound of her talking that Andi is truly
a gregarious teacher at heart. It was no surprise that she eagerly agreed to sharing her story of
becoming a teacher and her fourteen-year long journey through STEM education. Andi taught
middle school science and general STEM, with fourteen years of experience in the field.
Although I had not interacted with Andi quite as much in person as I have with the other four
study participants, I recognized her immediately through various professional development
opportunities (both formal and informal) that I had either participated in or personally led. Even
still, Andi’s open personality immediately shone through, despite our unfamiliarity. She eagerly
jumped to telling me about the many different events leading up to her present lived experiences,
including stories about the students she has reached during that time. Although I had many
questions and prompts ready to guide her in her narrative, she was ready and earnestly willing to
share her story -- and with detail, suggesting that each of these events and experiences plays
important roles in shaping her journey through STEM education.
Andi had not started out her career as excited about teaching. In her interview, she
lamented about a miserable student teaching experience and not gaining respect of coworkers as
an intern, particularly as a young professional. However, after several other meaningful
experiences in which she took up roles in the community in communicating science to young
students and families, she ventured back into education in hopes for making a continued impact
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on youth. In particular, even though her undergraduate background was not in a STEM subject
area, she realized the marketability of having a science degree and went back to college to take
more science credits to bolster her own understanding. This notion of continual selfimprovement is something that resonates clearly throughout Andi’s stories and descriptions and
understanding of herself as a STEM teacher.
Identity Development
When speaking about her own journey and experiences as a STEM educator, the most
resonating components all circle back to Andi’s descriptions of her students and her relationships
with them. As a middle school STEM teacher, Andi talked about working with students of all
kinds. Throughout her responses, she emphasized the need for rich STEM learning experiences
for students of all learning levels, whether they were learners in a comprehensive development
class (CDC) or those who needed gifted enrichment. Throughout her narrative, the development
of professional identity as a STEM educator was most impacted by two factors: 1) going beyond
the classroom by investing heavily in extracurricular programs for all of her students and 2)
developing self-efficacy as a STEM teacher through the growth and achievements of her students
of all learning levels.
Raising expectations for learning. When I asked Andi to talk about her experiences
with informal STEM learning opportunities, she had plenty to share. Instead of selecting just one
informal learning experience to elaborate on, she had several -- most of which fell in the
category of traditionally extracurricular and afterschool programs. Her examples included being
deeply invested in programs such as Science Olympiads, FIRST Lego League, Space Station
Experiment Program, eCYBERMISSION, and even non-STEM related experiences such as
coaching basketball and volleyball. She attributed much of her investment and interest in
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bringing these kinds of opportunities to her own students to needing different learning needs and
greater enrichment during her own schooling. Illustrative of this point, Andi describes the
following instance:
I’m looking at this school, which is well over a thousand kids, and I’m going, “There’s
absolutely nothing to stimulate the high level kids at this school. No club, no science
club, no math club, no chess club, no nothing for your gifted kids. They didn’t have it -- a
gifted program.” You could fight to get your kid a gifted IEP for some modification...but
there was nothing. There was sports, band, and music stuffs, but nothing. So I’m like,
“Hey, principal, could I start a Science Olympiads team here?” So I did.
She went on to clarify:
I really feel like giving your high level kids something to do, give them a learning
experience that goes beyond the curriculum, inspires them to work within the curriculum
and excel in the classroom because they see the benefits.
What is interesting, however, is that this note came from when Andi described a student who did
“absolutely nothing” in her class but would ace her tests. This was not the sole example that
Andi provided, where she described students of all different kinds of learning needs as “high
level,” showing a belief and view of her students being able to achieve much more if given the
opportunity, even those that may otherwise be dismissed as underachieving. Instead of viewing
them that way, she raised the expectations for all of her students because of her knowledge of
their capabilities from seeing them outside of the classroom. Having this “other” viewpoint of
her students allowed Andi to bring in another layer of relevancy to inspire her students for
learning, which suggests that her own motivation for teaching as well could be similarly
reciprocated.
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Becoming a confident teacher. In multiple examples, Andi also demonstrated a measure
of self-efficacy as a STEM teacher by taking pride in her students' growth and achievement.
Such examples she shared ranged from a student who “studied and did well and got a medal” in a
Science Olympiads competition, hearing from a former middle school student who moved on to
high school to study “AP Biology and AP Chemistry and wants to be a biologist” to the credit of
her experience with Science Olympiads. Andi also developed a sense of validation and greater
confidence as a STEM educator through her own achievement as a teacher, through examples
such as receiving a trophy for having the highest TVAAS teacher evaluation scores and having
students who scored perfect on the 7th grade TCAP assessment.
Andi’s unnerving pride in her students also reflected in her confidence and validation of
herself as a STEM educator. She noted that these deep connections with her students make the
experiences worthwhile and solidified her motivation for leveraging such experiences for her
students. She fondly recalled students happily identifying themselves as a part of “Ms. Andi’s
STEM team kids.” She laughed while recalling some of her students’ remarks:
I had some kids last year that were doing the 5th grade tours, and each group of students
was assigned a kid to be their leader. So, they made a sign that had their name on it. On
the back, the kids who did the leading were asked to write something that identifies them.
A couple of them wrote “STEM” real big -- they drew a robot, etc. And that was their
identity. They identified themselves as Ms. Andi’s kids, they’re STEM kids.
Her continual professional growth and development in understanding her role as a STEM teacher
were deeply impacted by these experiences shared with her students. She spoke of growing
alongside her students in becoming motivated about the sciences, and through the ways in which
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she talked fondly of her students and their success, she implied her role and significant impact on
her them by being an advocate for their lifelong learning.
Professional Growth and Learning
Andi described many instances in which she grew professionally due to her experiences
of being involved with informal STEM learning experiences. At the forefront, her decision to
venture into education as a whole was first attributed to being an instructor with NASA’s Space
Camp summer program. Her professional experience of coaching sports teams and coordinating
basketball leagues of hundreds of students developed into classroom management and
pedagogical skills, as she transitioned to working with students. As she shared stories from her
classroom, Andi focused on two main areas in which she grew professionally: 1) through
growing her own content area expertise as a science teacher and 2) by becoming a confident
leader in the STEM enrichment programs of which she advocated for.
Growing content area expertise. Over time, Andi also highlighted many instances in
which she felt motivated to bolster her own content knowledge in science and STEM subject
areas to best prepare for teaching. She described her dedication to studying for teaching:
The first job I had was as a high school science teacher, although I did not have a science
degree. You know what I had to do every night -- study my butt off, so I could stay ahead
of the kids. And interacting with the kids and learning alongside them, guess what? I
learned a lot, more than any degree could have taught me. And it was two weeks, and I
could actually say I was head of the department because I was the only science teacher in
this teeny tiny private school. And I taught physics and chemistry and biology. That was
fun.
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As someone who majored in history and then bolstered her own knowledge in the sciences by
going back to school and taking additional classes in order to ensure her success in the
classroom, Andi’s descriptions of her efforts in learning on her own suggests that she gained a
significant amount of confidence in her own content area expertise and grew as a STEM teacher
through these experiences.
Becoming a confident leader. Through her various stories about growing as a teacher,
one particular case that demonstrated her motivation for engaging more as a leader in the local
STEM education community was through her pursuit of what she called “STEM
microcredentials,” a state-sponsored program in which a select small number of teachers can
participate to receive personalized professional development among a network of other STEM
educators. Andi noted that pursuing such alternative professional development was meaningful
for her as a STEM teacher because she had little actual formalized teacher education training
prior to entering the classroom.
As Andi gained more and more opportunities through leading, coaching, and bringing
these informal STEM learning opportunities to her students, she also became more and more
aware of the importance of sharing the awareness about these programs with other STEM
educators. She talked about becoming a leader in local and regional education, sharing her
knowledge of how STEM education can be enhanced by competition activities, such as Science
Olympiads. During these leadership experiences, Andi highlighted the value of collaborating
with other educators and building a network for STEM teaching and learning. She shared an
experience of presenting about the importance of after-school STEM programs with a fellow
science educator at a state-wide conference:
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I teamed up with a teacher from a different city, who was my counterpart in a very
similar school, only we are different. I’m 52 and white, and she’s in her 30’s and
black...We were a great team, and what we did was we taught exactly what we’re talking
about. We showed how to take your STEM education and do competition teams to
enhance your curriculum and enhance your STEM learning. We did a little workshop
presentation telling everything we did and showed them sample activities that you can do
that you can tie into the standards. They only gave us 45 minutes, so we didn’t really
have enough time to do everything we wanted to do, but we had all these kinds of
activities planned. [Laughs] We had so much to say, we couldn’t cram it all in.
This experience of collaborating as a leader in presenting pedagogical best practices cultivated
by informal STEM learning experiences gave Andi the motivation she needed to pursue further
similar leadership opportunities. She shared several other instances where she likewise worked to
co-teach sessions at various workshops with others across the state to promote out of school
STEM enrichment programs such as Science Olympiads and related activities that can be tied
back to classroom curriculum.
Resources and Supports
Andi’s narrative provided insight to three main resources and supports that contributed to
her views of an effective experience with informal STEM learning: 1) a unique program
structure to foster STEM learning, 2) support from both school and local community partners,
and 3) funding for such programs.
Unique program structure. One aspect of Andi’s experiences was extremely unique in
comparison to other study participants, in that she was provided the opportunity to teach as a
general STEM teacher and was offered the opportunity to bring traditionally extracurricular
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experiences (such as Science Olympiads, FIRST Lego League, and more) into a designated
STEM class period. She explained her unique teaching opportunity:
The principal at the time told me, “I couldn’t think of a better person than you. You. You
could do your Science Olympiads thing in the classroom, not having to stay here till 6
o’clock every day. And I’ll give you two classes that are your choice.” We called the
rotation kids Honors STEM kids, because they were required to participate in
competitions. So that first year, we just did Science Olympiads and finished our FIRST
Lego League season. We just did cute little STEM activities all year.
Andi acknowledged the unique positioning that she had as an advocate for STEM learning
opportunities by having the capability to draw students on a regular basis to participate in
enrichment activities that are traditionally extracurricular. For example, whereas FIRST Lego
League teams typically meet for many hours beyond the classroom as an after school club, Andi
was able to structure the activities from this program to be a curriculum that she incorporates into
her daily STEM classes. This unique opportunity gives Andi a chance to bring in enriching
relevance to concepts shared with her students during school time. She noted that this is a luxury
that many other teachers who participate in such STEM programs do not always have.
Community partnerships. The second source of support that Andi repeatedly referenced
during her story was in the growth of partnerships with both school and local community
partners during these informal STEM learning experiences. These varied from administrator buyin, with principals “need[ing] to be encouraged” and to “see the benefits” of such programs, to
local church groups that support afterschool STEM programs and provide transportation and
caretaking for students with difficult home lives. She described this memory of collaborating:
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There is a lady in the community who I knew through Science Olympiads named Marcia.
She headed a homeschool group that competed against me, and we were both serving on
the board of directors for Science Olympiads, so I knew her from there. So we had a
vested interest in advancing the interest and the spread and word about it. Then, I found
out that her charity work is with a program with one of our poorest communities, which
is an afterschool enrichment program centered at a church right in the middle of
community, across from the little basketball court... Some of my kids went to that
program right after school. I had two Science Olympians that were going there after
school, and these folks helped coach my kids. My kids didn’t have time to build the
airplanes after school. He needed a hobby knife -- you can’t send a hobby knife home
with a kid! [Laughs] You just can’t do that! So I drove there to put the hobby knife in the
hands of the counselor there.
When they moved the regional from the local community college, we had to go to
a faraway town to go to regionals and I couldn’t afford a bus. Marcia made arrangements
to get my kids there. She found church people that knew the family. My kids are refugees
from Africa, these two particular kids. So Marcia and her daughter would help and come
and coach the kids and so that was a very beneficial partnership. I didn’t have to worry
about how my kids were going to get to Science Olympiads because Ms. Marcia was
going to take care of it.
In recollecting this story, Andi shared that the school in which she teaches at has about an 80
percent poverty rate, in comparison to around 20-30 percent at typical schools. In describing the
demographics of her students and the communities from which they come from, she notes:
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There’s an area of town that is jokingly called Little Guatemala. We have a large
Hispanic population; we’ve got 4 ELL teachers in our school, and they’re discussing
getting another... We have a very heterogeneous population -- all kinds of ability levels,
all kinds of income levels, but lower than high. So it’s a lot of children with very difficult
family problems and you know, it’s just not an easy place to work.
From Andi’s descriptions, she repeatedly notes that the partnerships of which she has formed
with the local community have been fundamental in contributing to a successful and worthwhile
experience in informal STEM learning, from both the perspective of the teacher and student
participants. Bringing in community expertise and understanding of the natures and backgrounds
of her students and their needs (both in learning and in life) are highly implied to be priceless
resources for meaningful experiences through these enrichment programs.
Funding for programs. Finally, Andi has reached the point in her career as an educator
where she wants to share her expertise in bringing informal STEM learning opportunities with
other educators. She noted sadly that although she considered herself a “conference freak” and
loves attending and presenting at conferences, one of the continued challenges and fundamental
resource she highlighted in her narrative was having funding. The issue of lack of funding was
brought up in multiple examples as well, whether it be to allow for her to attend or present at
conferences, to buy materials for her students’ experiments, to register a competition group for a
tournament, or even just compensation for putting in extra hours to devote to participating
students. She explained this challenge for gaining staff buy-in:
I put out a call to the faculty, but a lot of times I get let down because nobody wants to do
anything they’re not getting paid for. Especially on Saturday, when they’ve got family.
She also went on to elaborate, with a bit of heaviness:
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Why do you do it? You do it for the kids. You do it to enhance the learning. You do it to
bring enriching experiences. You do it to get them interested to show them what it could
be. But still, for a lot of teachers, that’s enough. Sometimes people struggle with their
spouse. They say, “You need to come home right after school because you aren’t getting
paid for it.” So, that’s what we’ve got to deal with. Some sort of compensation would be
number one, of course. But if not that, then the perks need to be there. There needs to be
some kind of motivation.
Despite such challenges, Andi remains hopeful in that she can serve as an advocate for
informal STEM learning opportunities for not only her own students but also other teachers and
schools and voicing the need for providing funding and other means of support for these
enrichment programs.
Summary
Andi’s story highlighted her identity as a STEM educator who is eager to bring learning
opportunities for students across all learning levels. Through informal STEM learning
experiences and environments, she sets a higher level of expectations that creates a new dynamic
for engaging students in being motivated for learning science. When asked about the reasoning
for why she chose to continue to be involved in these kinds of informal STEM learning
opportunities that extend beyond the learning in a standard classroom, Andi had a clear
reasoning:
We do it for the intrinsic rewards we get, and we do that to make our job worth it. To
make it worth it. Just the same reason people volunteer to coach. They played whatever
sport their whole life, and all of a sudden, they weren’t good enough to go onto the next
level, but they love it so much that it gives them satisfaction to go out and coach a team
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and instill that love of that sport in a new generation. That’s what we’re doing. We’re
doing what we love. We told the teachers, “Find something you love. If it’s robotics, if
it’s chemistry, if it’s whatever it is. Start a club, do something. Give yourself something
to look forward to at the end of the day, when you’ve had a really bad day.”
Andi’s role as an advocate and the tone in which she proudly talks about her students’
achievements and the relationships that she has developed with them confirms her own
individual pride in herself as a successful STEM educator and an agent for promoting such
enriching learning experiences for students of all kinds.
Narrative Two - George’s Story
I first met George through a summer professional development, in which he led a series
of activities to enrich upper middle school math educators’ content knowledge and numeracy.
Out of all of the participants, George was the youngest teacher, both in personal age and with
only five years in the profession. He taught high school math of all types, but in particular,
Geometry, Algebra II, and AP Calculus BC. Although relatively new and young in the
profession, I could tell right away that George was a strong teacher, ready to dive deep into
topics and having the enthusiasm for mathematics that would easily be shared with his students.
Very thoughtful and earnest, George spoke with such sincerity when describing his STEM
learning and teaching experiences, and his respect and admiration for his own students was clear
in every example.
George always knew that he wanted to be a math teacher. His love for the subject and his
eagerness to share that excitement with others drove him to the profession, to which he jumped
right into a rigorous internship experience where he taught Algebra 1, Geometry, and Algebra 2.
Since his student teaching, he has taught nearly the entire gamut: quite a lot of Geometry,
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Algebra 1 and 2, Precalculus, and even AP Calculus BC. In many cases, he experienced teaching
both the college prep and honors levels of the courses. Although the many preps and widespread
in course diversity, George seemed unfazed. In the five years of his teaching, he greeted such
challenge with excitement, with a fervor for growing as an educator. This continual desire for
self-improvement and growth is something that resonates throughout all of George’s story,
through the development of understanding himself as a STEM educator, to his professional
growth and learning, to identifying resources and supports for creating meaningful learning. The
following paragraphs will outline George’s experiences with informal STEM learning
opportunities and how he viewed these events as contributors to his journey as a STEM educator.
Identity Development
When I asked George to talk about his experiences with informal STEM learning, he
focused in particular on his role in working with the Mu Alpha Theta math honors society and
club at the school he teaches. Although he talked about his experiences in the past year as a new
club sponsor, it was clear that he already had a good view of his identity and role among the
organization. He was also able to describe in detail and with great reflection on exactly how he
would like to grow in his role as a sponsor for Mu Alpha Theta -- both in relation to the students
within the organization as well as his fellow teacher sponsors. A tone of admiration for his
students also radiates from his reflections, even in stressful situations with the group. When
reflecting on coordinating events with the student officers, he stated:
Honestly, it helps me realize that the kids at our school really do exhibit a lot of
leadership, and it’s helped me realize that they can do a lot more than we give them credit
for.
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George goes on to describe that in Mu Alpha Theta, students engage in informal learning
activities such as tutoring and preparing for math competitions, all outside of the regular
classroom. He described one of his students with reverence:
I’ve worked with [this student] on Mondays when we have the math team meetings, and
the kids will go up to him and ask him questions. I mean, he is just such a good teacher.
He really is. When I watched him and observed what and how he helped the students
when they come to him for help, he is so patient and so eager to help. It was just amazing
to see in him -- he’s a senior in high school, and he’s explaining these difficult concepts...
It’s like, oh my goodness, I didn’t even know about this! [Laughs]
This notion of being a learner from his students besides simply a mentor and teacher to them
creates such a rich dynamic in George’s development of his identity as a STEM educator.
Through his many descriptions of these interactions, George highlights that his relationships,
conversations, and interactions with his students are an integral part of defining himself as a
teacher.
Raising expectations for learning. I asked George about the reasoning for why he
became involved with Mu Alpha Theta and why he wanted to interact with the students beyond
his own classroom. He described his motivation for becoming a sponsor for the club:
I felt like I really got to see these kids outside of the classroom and what I realized was
that these kids are -- they are very, incredibly respectful inside and outside the classroom.
And I think of this one particular student that was in my class right now -- I got to see her
interacting with her friends during [one of our trips]. But then when we went to the
competition, she was in the zone. I see the same focus in class as I do when she was in
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the competition. And so, I saw a lot of myself in these students because I was also in Mu
Alpha Theta.
George’s own experiences as president of Mu Alpha Theta during his own high school years also
highly contributed to his understanding of his role as both teacher and sponsor for the
organization. He sees himself and his own experiences reflected in his students, but at the same
time, he also has a positioning as a club sponsor and mentor to guide his students in deeper
enriching learning opportunities. In addition, this sense of extending learning and raising
expectations among his own classroom students is a recurring theme throughout George’s
narrative. He illustrates such expectations for his students:
I do think that there are a lot of teachers who just try to get the absolute basics down. And
that’s maybe because of the level of kids that they have; they feel that they can’t do more
than that. But in my experience, honestly, I feel like there’s a lot of kids who are just too
bored with how easy things can be. I think being around this group of students -- when I
go to my classroom, I’m like okay, yeah we can do more than this for sure.
Having seen the rigor and deeper enriching opportunities for mathematical thinking in the
competitive aspects of Mu Alpha Theta, George developed a clear vision of exactly how he
wanted to raise the expectations among students of all learning levels back in his own classroom.
There was a moment while he reflected on the competition aspects of the program where he
alluded to a disparity between the rigor found in the math competition tests and the standardized
assessments implemented at the end of standard curricula. We visit George’s reflection on this
notion in the next section, where it is suggested that his understanding of this lack of rigor
contributes to into his own understanding as a teacher that he can become a leader in
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mathematics education by sharing this belief in students’ abilities with fellow mathematics
educators.
Fostering relationships for learning. George also repeatedly notes that he is continually
surprised and proud of his students, which reflects a pride in himself as propelling his students to
their success. He describes this sense of pride in his students:
I think one thing that pops into my head is...young people can really surprise you. I think
one of the things I’ve had to do more of, now that I’m seeing these students in action, is
definitely incorporating a lot more opportunities for them to help each other. Getting
them to understand that it’s much more than just getting the right answer -- I want you
guys to help each other through it, because that’s much more what the real world looks
like -- collaborating in a healthy way and not just focusing on the end result. How you get
there is important as well.
George’s respect for the students also extends to his fellow math teachers and co-sponsors, of
whom he collaborates with in Mu Alpha Theta. Although he has just completed a first year of
sponsoring the group, George had a strong understanding of his role as a co-sponsor alongside
his fellow involved math teachers. While he worked closely alongside the main sponsor for the
group, he took to her charge and followed her lead and understood his role and positioning as a
co-sponsor. Through these collaborations, George also understood his own strengths, particularly
in content knowledge, and how that expertise contributed to the group of teachers mentoring Mu
Alpha Theta students. His experience with teaching AP Calculus and deep conceptual
understanding created an opportunity for him to specialize in working with students in those
courses and activities.
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Professional Growth and Learning
As a young teacher, George readily showed his eagerness for self-improvement and
growing as he talked about his experiences with informal learning opportunities, in the
environment of Mu Alpha Theta. Two particular areas where he acknowledged this informal
learning experience as contributing to his professional growth were in 1) the strengthening of his
own content area understanding and 2) finding his own voice as a growing leader in mathematics
education in his local community.
Becoming a content area expert. When talking about working alongside students in Mu
Alpha Theta through their tutoring activities, George highlighted several personal revelations
while watching his own students teaching others. Hearing the high school students explain
concepts in different ways and from a unique perspective further strengthened his own
conceptual understanding, and George repeatedly alluded to developing an understanding of the
importance of making connections between mathematics topics and that all of these concepts
form a cohesive, “bigger purpose.” George goes on to elaborate on why he finds this important:
Things like that are what I really enjoy bringing into the classroom for everybody,
because I think the more ways that [students] can see what we have taught them can be
applied and different ways to ask those questions, it’s just going to help them solidify
their understanding that it’s all connected. Everything is all connected to each other.
This deeper conceptual understanding of mathematics has also spurred George’s motivation for
furthering his own understanding of how standards within different topics are connected. He also
communicates in his story that he sees himself as a potential contributor and growing leader in
the mathematics education community at the local level. This is interesting, as he expresses an
interest to be a leader with confidence, without hesitation, despite being a relatively young
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teacher. Although evidently disappointed by the lack of systemic support for making sure that all
mathematics teachers can achieve enriching implementation of the new standards, George
concludes on a hopeful note:
I think that’s one of the things I’m going to try to do to help -- not just myself, but help
other teachers see that. I’m not even really sure what I’ll be learning [at this state
curriculum training] about these standards, but I think it will help me get a better grasp
overall of what the bigger picture is that the state is going for.
Becoming a confident leader. George’s desire to strengthen his own content
understanding and become a leader in his local community all demonstrate factors that contribute
to his confidence in himself as a mathematics/STEM educator. Because of his optimistic
enthusiasm, he placed great value and appreciation for benefits gained from informal learning
opportunities experienced by both his students and himself. He describes his own motivations for
getting involved with state-wide training for preparing teachers to be familiar with new
mathematics standards. Through this opportunity, he shares his hopes for leading fellow
mathematics teachers to understand the larger connections between concepts. George details this
ambition for making the connections for other teachers:
And I think that is something that can be shared with teachers -- just having a better
clarity about what the standards are asking for can honestly help in learning how to
implement them... And what I think will happen -- and I know will happen, because it
happened to me -- is that they’ll see connections that they never even knew were there. I
just feel like if you’ve never been forced to think about things in a different way like this
then you don’t even know what you don’t know.
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George’s eagerness to be involved in state-wide curriculum development and leadership suggests
that he has enough confidence in his own abilities as a mathematics/STEM teacher in sharing
what he learns with fellow educators.
Resources and Supports
George highlighted two areas in which he felt were key resources or supports to lending
to a successful informal STEM learning experience. These include: 1) access to high quality
curriculum and content area materials and 2) ample support and appreciation from school
administration.
Curriculum and materials. During his story, George remained mostly optimistic about
his experiences thus far with his teaching experiences, both within and outside of the classroom.
However, one area in which he expressed a bit of concern through clear disappointment was
when talking about state standards and assessment. He described his own personal ambition and
motivation to grow as a teacher by pursuing other educational resources to further enrich the
Geometry curriculum he was using in his own classroom. By pursuing resources beyond that
provided by the state of Tennessee, such as EngageNY, George highlighted the importance of
exploring valuable teaching resources and learning on his own time outside of more formal
professional development. He explained his informal experience of exploring other resources:
Had I not done that experience, look at the EngageNY curriculum, I don’t feel like I
would have been the Geometry teacher that I am right now. I don’t feel like there’s a lot
of help in transitioning from you know, the textbooks that we have right now are like 20
years old. [Laugh] They’re not aligned to our new standards at all. So when you look at
the textbook and the types of questions they ask, they’re very basic and procedural. When
you look at the Regents exam (that’s the state of New York’s TNReady, basically) ...you
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look at those questions, and they’re so much more complex than what we’re asking in our
textbooks... The implementation of these standards that Tennessee has adopted has not
been fully supportive at the state level, at the district level.
He continues, to explain his motivation for diving deeper to enrich the curriculum for his own
classroom:
I feel like the people who have been successful with [the new standards], it’s just been
because they put in the work themselves and found other resources outside of our school,
outside of our district, outside of our state. Which, I feel is unfortunate, but...yeah.
George’s desire and ambition for continually growing and improving as a teacher implies that he
has a strong understanding of his own level of content knowledge and pedagogy as a
mathematics educator. This desire and openness to pursue resources through more informal, nontraditional means of professional development suggests that George’s ambition and selfconfidence as a STEM/mathematics educator, especially in diving deep into the core curriculum
to better understand how it best fits his students’ learning needs.
Administrative support. A strong administrative partnership is the second aspect that
George highlighted as a necessary support in order to have a successful informal STEM learning
opportunity such as Mu Alpha Theta. He reflects fondly on having such strong administrative
buy-in for this program:
They’re very supportive -- they’ll do whatever they can to help us be successful because
our club is incredibly active, and I’m sure that any school would want to support a team
that’s competitive at the state level and the national level.
George goes further into depth describing specific instances where the administration at his
school have demonstrated their understanding of the value in investing in such informal STEM
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learning programs such as Mu Alpha Theta. In one example, George describes the administrators
assisting the math competition team coordinate an emergency relocation of finding an offcampus site for taking the American Mathematics Competition exam, even on a Saturday.
George expresses sincere gratitude and a sense of positive acknowledgement and appreciation
from his school administration, suggesting that such partnerships contribute greatly to his own
confidence in being a mentor in this setting.
Summary
George’s story showed him to be incredibly reflective and thoughtful as a brilliant young
teacher, finding his voice as a mathematics educator. One interesting aspect in our conversation
was something that George brought up without any prompt from my part. Throughout the entire
interview, George focused mainly on speaking of his experience and primary professional
identity as a mathematics teacher and did not refer to himself as specifically a “STEM” teacher
due to his belief that STEM was more of a natural way of problem solving and thinking, rather
than a contrived way of teaching. As we neared the end of the interview, George noted that he
wanted to mention some thoughts about STEM education as a whole, saying:
I just feel like there’s a lot of movement in STEM right now, which is a good thing.
Obviously, as a math teacher, I’m gonna be all for that. But more than just math, I think
one of the things that I want to do, I want kids to be like -- even though we’re in a math
classroom right now, that doesn’t mean I can’t talk about other things... In my math
classes, I often try to pull in concepts that they learn in science. Like even in English, we
were talking about convex polygons and I just mentioned convex is adjective and
polygon is a noun, so usually we put the adjective in front of the noun in English. I think
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making connections like that helps them realize -- school isn’t just like silos, like here’s
math, I can only think about math.
George further clarified:
So I think that STEM is really good at doing that because that’s a whole field that has so
many different branches that when you say “STEM,” it kind of lumps them all together.
It gets people to realize that there’s a lot of components in it, that it’s all for one common
goal. So I do think that when I see myself as a “STEM teacher,” sometimes I forget that I
fit in that umbrella, but when I stop and think about it, I realize that it’s just a part of who
I am and how I teach this just kind of naturally. Just because I like kids to see that
everything that they learned is for a purpose, so there’s bigger connections out there.
George’s definition of STEM as more than just a conglomerate of discrete subjects suggests a
great impact on the way that he finds his own voice as a teacher both within and outside of the
classroom. This mindset and belief that STEM is a natural way of thinking and teaching is a
common theme that is shared among some of the other participants in this study as well,
including the next participant, Morgan.
Narrative Three - Morgan’s Story
Morgan and I first met maybe five or six years ago, through a collaboration between a
group of students that I mentored on a FIRST Robotics team while I was still in the classroom.
Our schools (mine a high school and hers an elementary school) formed somewhat of a
sisterhood through our partnership, and students that I mentored through robotics often went to
the elementary school to work alongside younger students to inspire them about science and
engineering. Beyond this partnership, I also knew Morgan was immensely involved both at her
school and within the district, hosting Family Engineering and STEM Nights to encourage young
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students and their families to become inspired and excited about learning about science,
technology, engineering, and math. This was particularly important within the district, as
Morgan’s school was designated Title I and was located on a part of town in which students were
underserved in enriching STEM learning opportunities.
Although I left the classroom to pursue my doctorate studies full time, I did come to
interact with Morgan again here and there through community outreach. She continued to form
additional partnerships with the university and also other educational institutions in her vision to
bringing high-quality STEM education to the students and teachers at her school. In just the few
years that I had gotten to know of her and her school, their program flourished into something
akin to an ideal model for early-grades STEM education in the local region. This is something
that Morgan takes pride in and refers to many times throughout our conversation. Although she
is not a classroom teacher in the daily sense and is based in an elementary school, the inclusion
of her narrative was still an important insight on other facets of how professional identity is
developed through STEM educators with different roles and responsibilities. Her intimate impact
on the teachers’ structure of the school’s STEM programming give her a unique and specific
outlook on her role as a STEM educator.
Identity Development
In talking to Morgan about her experiences with informal STEM learning opportunities,
she described several different instances that were unique to her positioning as a magnet STEM
facilitator. When we talked, Morgan started off her story by noting that she had been an educator
for about eighteen years. During her time teaching in the classroom, she taught third grade and
had also experienced being a gifted and talented teacher in a range of different states. Although
she did not outright acknowledge that she currently does not teach in the classroom, it was
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evident that she has an indirect but large impact on students through her close interactions and
relationships with the teachers at her school. During our discussion about her professional
identity, Morgan focused on two main aspects: 1) developing a sense that STEM is a natural way
of thinking and 2) sharing that ideology with her teachers and school as a leader.
Identifying a STEM way of thinking. Right away, Morgan clearly described her own
understanding of what “STEM is” and her understanding of her role in STEM education. She
shared her definition of STEM:
For me, STEM and STEAM just opens the doors to making learning so much more fun
and exciting than the traditional classrooms. Teaching through STEM and STEAM with
hands-on projects, the problem-based learning and relating everything that’s happening
and that the kids are learning to the everyday world and to their future -- I just think it
helps to make things make sense for the kids and why they’re learning what they’re
learning.
This ingrained yet organic embodiment of STEM as an everyday method for learning is
something that Morgan emphasized in the program structure that she has developed at her school
in her role as a magnet facilitator. Rather than a traditional learning structure of “this is your
reading time, this is your math time, this is your science time,” Morgan’s descriptions of how she
sees STEM as being deeply connected to everyday learning suggests that her belief of how each
subject is interconnected to create real-world application and a new, meaningful way of thinking.
Identifying as a leader. Morgan identified herself immediately as a leader, not only just
in her school, but also throughout her local community. As a magnet facilitator, she described
her main responsibilities as STEM program development and coordination, ranging from
providing structured teacher training to encouraging teachers to sponsor afterschool STEM-
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related extracurriculars or clubs (such as robotics groups, science clubs, or STEM troops). The
vision for STEM as being a principal component of standard learning is something that she
continually tries to deliver to her teachers, but sometimes with difficulty. These challenges
regarding teacher buy-in and understanding of what STEM “means” are highlighted in the later
section where Morgan describes resources and supports needed to make for a successful and
effective STEM learning experience.
In describing her role as a STEM/STEAM magnet facilitator, Morgan demonstrates a
clear understanding of her identity as an educator in having more of an administrative and school
leadership positioning than a teacher. Although unstated, her many repeated descriptions highly
suggest that she acknowledges a certain power dynamic between herself and the teachers within
her school, implying that this creates difficult tension at times. When I asked her about the ways
that she works with the teachers at her school and how she encourages them to promote
STEM/STEAM in their classrooms, she shared some examples:
Presenting professional development within the school to the staff...co-teaching, coworking together, writing lesson plans, providing resources. Unfortunately, I’m not asked
or invited in as often as I would like to be. It’s sometimes seen as one more thing rather
than “it’s the way we do things,” so that’s definitely where our focus is in seeing STEM
in the individual classrooms more than we are currently.
There is a kind of sadness in Morgan’s tone as she describes this tentativeness towards adopting
STEM as a way of thinking. She goes on to say, when describing getting teachers to commit to
doing outreach for Family STEM/Engineering Nights:
Sometimes [the teachers] struggle, for them to be excited. There’s so many things on
their plate -- in getting the projects done, and then there’s extra responsibilities for

58

displays for the family events. But it’s just twice a year, so I wish we had funds to make
the prizes more exciting or, you know. But I think that’s a “within yourself” kind of
thing.
Understanding that this “within yourself” intrinsic motivation for adopting STEM as an everyday
way of thinking, teaching, and learning is something that Morgan sees as a challenge, as she
takes on the role of a magnet facilitator and STEM educator. Even still, she noted that she
remains hopeful in continuing to grow the program at her school through being a leader and
advocate for her students and teachers.
Professional Growth and Learning
Morgan shared two specific areas in which she grew professionally through her
experiences with informal STEM learning. These were 1) developing confidence and pride in
herself as a school leader and 2) adopting a way of thinking such that “STEM” fosters crosscurricular learning opportunities.
Becoming a confident leader. Prideful is not a word that I would use to describe
Morgan. A tall, gentle-faced and modest woman with an air of thoughtfulness that bordered on
cautiousness every time we spoke, I never would have once thought of Morgan as prideful or
arrogant, despite having achieved a great deal in terms of elevating the acclaim and demand for
the STEM program at her school such that it has become well known in the district. However, in
just talking about the relationships and conversations that she has with her school, the teachers,
and students, there is enough evidence to suggest that Morgan is proud and developed a great
deal of confidence in herself as a STEM educator and leader in the community. In one particular
example, Morgan excitedly talked about visiting other schools across the nation that have a
STEM focus:
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I feel like I get a lot more out of these school visits -- seeing other successful STEM and
STEAM elementary schools... [I see] a lot of differences and a lot of similarities and
sometimes what I get out of it is, “Oh, we’re on the right track!” or “Oh, wow, we’re
further ahead than they are.” So it’s kind of affirmation that we’re doing the right thing
and on the right track, in some cases more than learning something new. Obviously, we
always want to learn something new, but it’s reassuring that we are on the right track and
doing the right thing as well.
This kind of reassurance has given Morgan confidence in her abilities as a leader in her school
community and spearheading STEM programs for her school, providing a form of validation in
her efforts and growth as an educator.
Developing a STEM mindset. Another area that Morgan highlighted professional
growth and learning was the shift in her own mindset about STEM: to form a belief that STEM is
a way of thinking in order to create connections across different curricula. Although she does not
teach directly in the classroom, her interactions and conversations with the teachers in her school
suggest a depth of her own understanding of pedagogy as well. Morgan noted that thinking of
STEM as an immersive and interconnected way of thinking (rather than discrete subject areas)
creates opportunity for teachers to have different outlooks on students’ learning approaches,
allowing for greater moments for implementing teaching strategies such as project or problembased learning to create real world relevance. Morgan also drives this notion of STEM as a part
of everyday thinking through bringing real world examples for the students at her school. She
describes:

60

We try and make a relationship between what they’re learning and doing at school and
jobs and professions in the real world, and it’s a way to expose them to jobs and careers
that they may not have otherwise ever have been exposed to and learned about.
By bringing such vivid examples to life for the students at her school, it is greatly implied that
Morgan advocates for not just STEM learning, but also STEM as a way of thinking and being.
Resources and Supports
In talking about resources and supports that lend to a successful STEM program and
learning experience, Morgan was quick to respond by saying that teacher buy-in was her primary
concern. Beyond gaining teacher interest, she also noted two other areas: 2) obtaining funding to
support opportunities for informal STEM learning and 3) developing community partnerships.
Teacher interest. Teacher buy-in was a large concern for Morgan, as she knew straight
away that the educators that she works with come from all different backgrounds and levels of
experience. Furthermore, she noted that teachers all have unique teaching styles and each carry
different levels of responsibilities. Because of this, sharing the idea that STEM is a new way of
thinking is something that Morgan wrestles with at times. She describes this challenge:
Changing the way that [teachers] are teaching students...breaking away from that
traditional teaching reading, now we’re going to move to math, now we’re going to move
to science, now we’re going to move to social studies. Again, a lot of times [teaching
“STEM”] is seen as one more thing, rather than how we teach the standards that we’re
responsible for teaching. It’s not another thing; it’s what we do. But a lot of times it’s
seen as another thing, and that’s something I hear from schools across the country. It’s
difficult to continue to grow and move the program forward without that buy-in.
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The disconnect between teachers that may not understand the “STEM way of thinking” creates
difficulty for Morgan to encourage faculty to support informal STEM learning opportunities and
programs, such as afterschool STEM clubs and community outreach.
Funding for programs. The issues concerning teacher buy-in tie directly into another
resource that she describes to be often lacking -- funding. Although Morgan has pursued grant
opportunities on her own, she noted that having continual funding and being able to provide
monetary incentives for teachers to participate in more informal STEM learning opportunities
would be greatly beneficial. She shared her struggles with this regard:
Because we are a magnet program, we do have you know...a small budget to work with
every year. But obviously, we could do a lot more with a lot more. And part of that would
be monetary, for the teachers with as far as after school clubs. I wish we could have more
STEM clubs afterwards, but you know -- I can’t expect the teachers to do that without
being compensated, so we can only do so much with that.
Although Morgan bears more of an administrative and school leadership role, her descriptions of
how she empathizes the lens of a teacher suggested that she tries to understand the hardships of
being asked to dedicate time to sponsor additional informal learning experiences beyond the
classroom.
Community partnerships. Finally, the last area of support that Morgan highlighted in
her story was regarding building community partnerships: educational, industrial, and
professional. Morgan sees each of the partnerships that she establishes as an opportunity to
bridge classroom content and real-world experiences of individuals in STEM careers. She
explains this opportunity for working with her local partners:
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That’s also part of my job as the magnet facilitator -- to build those community
relationships. Building those and connecting our students with STEM professionals -going out to see them and inviting them into our school as well.
She continues:
If we could have professionals more often and involved in a more on-going basis, but
that’s difficult for them, you know. Because if they're here, they’re not doing their job.
So, it would be great if they could have more community help, but they have their day
jobs too. [Laughs]
Morgan’s continual ability to empathize with all stakeholders that she interacts (ranging from her
students, the teachers at her school, to even the community partners) is a strong indicator of her
strength in understanding her own positioning and identity as a STEM educator, particularly in
the role as magnet facilitator.
Summary
In hindsight, my interview with Morgan had an overall tone that was a bit wearier than
with my other participants. Aside from rescheduling the interview with her four times over the
span of two and a half months, the overall time that we spent together in her sharing her story
was abbreviated in comparison to other participants as well. Despite this, I gathered from
Morgan that the difficulty in finding time to talk to me was not out of disinterest or an
unwillingness to share her experiences with STEM learning. In fact, it was much the opposite.
Perhaps it was in part that she expressed a greater number of hats that she wears in the more
administrative-type position that she holds at her school. Perhaps it was of another part that she
has faced many challenges in the lack of resources and supports that were described in her story,
which has created frustration yet persistence throughout the years. Or, perhaps it was because of
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the burden she feels personally in sharing a passion for STEM being a way of daily thinking and
being. Whether it is some or all of these factors, Morgan’s continued tenacity in being a
champion for STEM learning experiences both in formal and informal settings show how
dedicated she is to fostering enriching STEM learning experiences for her all within her
community.
Narrative Four - Simon’s Story
I first met Simon in my second year of teaching, and I knew him only in the capacity of
being coworkers in different departments at the same school. Tall, mostly quiet, deep-voiced and
unassuming, Simon was a bit of a mystery and a loner in comparison to some of my more
boisterous and zealous coworker, making him a bit unique in my school. Simon taught high
school science, specifically Physics, Geology, Astronomy, and general STEM design courses. I
did not know much about his background until much later when he shared that he was also a
career changer, venturing into education from an industry background. However, I knew that
Simon had previous experience with different kinds of informal STEM learning opportunities
though, as he had mentioned to me throughout multiple occasions that he was aware of programs
such as Science Olympiads and FIRST Robotics due to his own pre-teenage son’s involvement
in the programs in the past. Because of that, Simon was one of the first colleagues who I reached
out to when I left the classroom and coaching the robotics team.
Whether or not he took up the role of coaching the robotics team with hesitation at first, I
observed that Simon grew into the role and the extent to which it became a part of his identity
within the first year and a half of transitioning the position. When I approached him this year
(about three years after he took over working with the robotics team), he was eager to catch up
with me and to talk of his teaching and learning experiences with the students beyond the
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classroom. There was something a little different about the way that he engaged and responded
to me when I reached out -- something much more confident and assured in his tone, which I had
never encountered before in speaking to him in the past. He was eager to tell me about his
experiences in the last six years of teaching, and I wanted to dive into hearing about his growth
and views of himself as a STEM teacher. This theme of finding his own voice and confidence is
something that resonated throughout his story. Throughout the following sections, I will
highlight this theme of Simon’s self-discovery and identity development through the sharing of
experiences from his career change, the extracurriculars he is involved with, and other informal
learning experiences in which he has engaged.
Identity Development
When I talked to Simon about his experiences with informal STEM learning
opportunities, he described himself with words that defined different roles in which he identifies
more clearly than any of my other participants. In a way, this showed me that Simon identified
himself in several different positioning, whether as a coach, a mentor, an advisor, a teacher, or
even as an involved parent. He focuses on two main things when talking about the development
of his professional identity: 1) the relationships developed with students that foster learning both
within and outside of the classroom, and 2) building of his own confidence as a teacher.
Fostering relationships for learning. Throughout Simon’s story, he seemed comfortable
describing himself in different roles, depending on the learning environment that he engaged.
The main roles he highlighted included the following: mentor, coach, advisor, advocate, and he
also took some time to reflect in the shift of his professional identity from an industry
professional to becoming an educator. In particular, he notes that these various roles contribute to
a rich dynamic between himself and the students who he interacts with both inside and outside of
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the classroom. He describes this duality between interacting with students in formal and informal
learning spaces:
Understanding where they’re coming from of course, in any student-teacher relationship
is important. [Long pause] Getting the whole picture, really makes a big difference, I
think, in the way you approach working with them. The more kinds of experiences you
[and students] have together, it’s through robotics and everything -- it really does help
solidify and make it easier to talk to your teacher, you know? They come to me with
questions and things that aren’t necessarily related to science -- they see me more of a
mentor and somebody that can be trusted.
This kind of building of relationships and trust between himself and his students is what Simon
refers to as a key factor in defining who he is as a STEM educator. While sharing his story, he
continually acknowledges that sharing outside-of-class experiences and opportunities with his
students, “life experiences,” as he calls them, are a vital part in fostering relationships that
encourage curiosity for learning both within and outside of class. He comments that these
relationships are important for identifying talents and interests that students may otherwise not
have a chance to display in a typical classroom, allowing him to encourage students to be more
engaged in his classes through such established relationships. Simon values having interactions
with students beyond the classroom by sharing:
Seeing new things together...sharing the world with them, really. It’s been a lot of work,
but it’s also been fun.
During our conversation, Simon also reflected a bit on his unique positioning between multiple
roles -- teacher, coach, advisor, and even father. He shared some insight on the special bond that
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this identity has created between himself and his son, who is on the robotics team that he
currently coaches. In talking about their relationship, he shared:
You know, having him here and having him in robotics has really strengthened our
relationship... We can talk about things that we’re both interested in with each other
which really makes a big difference, too. Now I can connect with him as a teenager, and
me being older. It’s unique, I think, the fact that I understand these kids -- what they’re
going through. I can empathize with them and also help them at the same time.
Simon’s understanding of the role and impact that he has in his positioning is a reflection of his
insight of the power he has as a teacher and coach. Through his many descriptions, it is
suggested that he understands the capacity in which he can take the relationships developed
among his students to encourage them to pursue learning in different settings, inspiring them
both in science as well as about life in general.
Becoming a confident teacher. In the first encounters that I had with Simon well over
six years ago, I am not sure that I would have described him to be a confident teacher. As a
fellow career changer, Simon carried himself in a way that seemed rather tentative, and he spoke
with many ample pauses. There were some occasions when we talked back then that it was hard
for me to gauge what he was thinking, and at times it seemed that he was a bit unsure about his
opinions and thoughts on teaching. However, when we reconnected for this study, I could tell
right away that something within him must have changed. It was not just the tone in which he
sounded more excited when talking about his students and the learning experiences they shared.
There was something in the way in which he spoke and described his experiences that suggested
an air of confidence that I had not encountered before. He described the transition of his
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professional identity to me when he shared one of his informal STEM learning experiences
through a research experiences for teachers (RET) summer program:
I used to work in industry -- I came from environmental science and engineering
background, and it was nice working with people that were intelligent at that level, I
guess. [Laugh] Not saying that teachers aren’t, but you’re always talking to kids and
having that interaction with [other teachers during the RET] was -- you all share the same
interest, is really beneficial to me.
Simon’s former experience as an industry professional also lends an interesting lens to his views
of himself as a STEM educator, as he acknowledges the difference in thinking between his roles
as an engineer and as a teacher. Although the tone in which he expresses this difference sounded
a little sentimental, I could tell that he was also trying to express his genuine appreciation for
being able to collaborate and hear from other teachers’ diverse experiences in the career.
Through these examples, it is suggested that Simon was indicating his eagerness to grow and
build confidence and leaving behind his identity as a “career changer” to fully a STEM teacher.
This sense of gained confidence through such informal learning experiences for both
himself and his students also gave Simon an additional identifying role, as an advocate for
STEM education. Through community outreach efforts with the robotics team that he coaches,
he noted:
[Outreach] is work; it’s extra outside of normal robotics things and such. And it takes a
certain level of dedication to STEM and STEM education to even see beyond yourself
and see how you can impact these children and their future. So it’s kind of cool.
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Simon’s understanding and growth into self-actuality as an advocate for STEM education also
transfers to sharing that passion for learning with the students on his team, as he encourages
them to likewise participate in community outreach efforts in broader impacts.
Professional Growth and Learning
Throughout Simon’s interview, he described several different instances in which he grew
both professionally and as an individual from his experiences of participating in informal STEM
learning opportunities. In particular, Simon highlighted three main areas in which he developed
this professional growth and learning: 1) growth in pedagogical understanding, 2) growth in his
own content area understanding.
Developing pedagogical insights. The first area in which Simon detailed development of
his own professional identity was through finding time for more reflection in informal STEM
learning opportunities than what he would normally have in regular classroom teaching. For
example, Simon talked about participating in a summer research experience for teachers (RET)
program relating to electrical engineering. During that experience, he collaborated with around
eight to ten other science and math educators to create curricula integrating electrical engineering
concepts to take back to their classrooms during the school year. Simon shared more details
about this experience:
All the teachers are put together, as you know, and working on projects doing a lot of
research, a lot of just fleshing a couple of lesson plans, really, or even a whole unit much
more in depth. IT does give you a lot of time to foster some of that growth that you don’t
get during the year, as you’re putting plans in place and thinking about next year and
where can I fit something in. It does give you a kind of structured time to do that; it’s
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pretty good. And talking with other teachers and understanding and getting empathy for
them as well.
Simon’s appreciation for a structured yet non-traditional professional development and learning
opportunity shows that he places value in having time for reflecting on his pedagogy. It is
interesting that he also acknowledges that having this time to do so during the summer is
somewhat of a luxury, suggesting that there is not often time for this kind of reflection that leads
to personal growth during the hectic time of the school year. Through that reflection time, Simon
mentioned several different ways that he felt like he developed his pedagogical understanding -whether it be through “open[ing] up to new ideas and ways to problem solve,” integrating the
Stanford “d.school” process in problem-based learning classes, using Microsoft Excel for
modeling mathematics in science contexts for multidisciplinary approaches, and more.
Growing content area expertise. Another area in which Simon indicated professional
growth through informal STEM learning opportunities was in developing his own content area
expertise, particularly in other subject areas within science that he had not otherwise considered
himself an expert. During Simon’s career in education thus far, he described himself to have
taught physical sciences, geology, biology, and a bit of astronomy. However, he stated that he
felt much more comfortable with the physical sciences and geology with his background in
environmental sciences.
Through one of the informal summer STEM learning opportunities that Simon
participated in with a local university partner, he described an opportunity to learn about
modeling approaches to incorporate aspects of mathematics into a biological setting. He shared
this opportunity for branching out his science knowledge:

70

My background is in geology, and I don’t have a lot of biology courses under my belt.
[The summer program] has just been interesting; it’s been good for me to be able to learn
something else than subjects that I’ve been teaching, like learning about different content
areas.
Simon’s understanding of his own subject area strengths and others in which he would like to
deepen his content knowledge is suggested to contribute to his views of himself as a science
teacher. His ambition for broadening his subject knowledge implying that he is eager to grow as
a STEM educator and willing to take on opportunities outside of his otherwise standard comfort
zone to grow professionally.
While Simon did not explicitly talk about the content knowledge that he gained through
working with the robotics team, the way in which he described the many experiences that he had
in mentoring them clearly imply a level of expertise and understanding of different aspects of the
program, whether it be with the business aspects of the team and competition or the hands-on,
detailed aspects of engineering and programming of the robot. The fluidity in which Simon was
able to describe to me the coding and electrical aspects of the building of the robotics team
suggests his development of becoming a content expert in that area as well.
Resources and Supports
Simon identified three main resources and/or supports that he felt vital to having an
effective experience with informal STEM learning. Among these resources and supports, he
highlighted: 1) fostering strong community partnerships, 2) access and awareness of informal
STEM learning opportunities, and 3) having funding and incentives for programs and the
teachers that are involved with the programs.
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Community partnerships. The first main resource that Simon identified as being crucial
for a successful informal STEM learning experience is through fostering strong community
partnerships of varying types throughout these educational programs. For example, Simon
specifically mentioned that in working with the FIRST Robotics Competition high school
program, finding adult mentors (such as involved parents or technical experts from the
community) are key to bringing in additional content knowledge and support to enrich students’
learning experience outside of the classroom. Community partners such as libraries, sister
schools, and even professional partners such as local machine shops and manufacturers are
described by Simon as key collaborators in establishing a rich and dynamic experience for both
involved students and teachers alike. In an example where he describes his high school students
partnering with a sister elementary school to inspire younger students to be excited to learn about
robots and STEM education, he said:
I think anybody that’s ever been on one of the outreach events understands what it’s
about and what it’s for and really gets something valuable out of it. They probably get as
much out of it as the younger kids do...you know, a lot of times. [Laugh]
Simon’s ability to convey the importance of STEM education to his high school students and
then for them to translate that vision to a younger generation shows an additional level of selfawareness as a STEM teacher. Seeing himself and his students in a position to be advocates and
agents for sharing excitement and chances for rich STEM learning experiences beyond the
classroom are further opportunities in which Simon has developed his understanding of his
professional identity.
Another way in which Simon demonstrated his appreciation for community partnerships
was through his descriptions of seeking out building connections with fellow STEM educators.
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Although he did not explicitly state “networking” as a resource or support for effective informal
STEM learning, Simon mentioned on multiple occasions the importance in which he believes is
having opportunities to learn from other educators, whether it be through casual conversation or
through collaborations during more structured programs. Simon notes that these dialogues are
enriching to him particularly because he recognizes his own background as being previously an
industry professional, suggesting that he is eager to continue growing as a teacher, as previously
identifying himself as a career changer.
Access to opportunities. The second resource and support that Simon highlighted as
being key for creating a meaningful informal STEM learning experience was creating greater
access and awareness to such enriching informal learning opportunities that are available for
both teachers and students. Simon talked about learning about some informal learning programs
for teachers (such as the RET and university-led programs during the summer) from his
coworkers who had participated in those opportunities before in the past. When I asked him
about what he felt like made those experiences most worthwhile for him, he commented:
Mainly, just knowing about them. Knowing what [these programs] were about and
knowing that these programs even existed...I was like, wow, you can get paid in the
summer to do this stuff? That’s pretty awesome.
He also went on to add this sidebar:
We [teachers] get professional development and stuff, but it’s all...[groan]. It’s not as
enriching as we’d like it to be. District-wide professional development is all taught by
teachers, and it is kind of limited in scope of what’s really out there. So I think...[pause]
local support really helps, but having the individual opportunities more advertised to
teachers would help. [Long pause]. Because then, there’s a huge untapped resource over
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the summer among teachers. There’s a lot of experience, a lot of knowledge that can be
both beneficial for the programs and for the teachers.
Simon’s motivation for seeking out additional similar informal STEM learning professional
development opportunities on his own show that having awareness for these programs is the first
step in creating interest and creating access for high quality and supplemental learning
experiences for both teachers and students in STEM. His desire to grow professionally beyond
the standard and mandatory trainings provided by school systems highly suggests that he values
and cares enough in his personal growth as a teacher to pursue these opportunities outside of
regular school times, even during the summer.
Funding and incentives. The final resource that Simon denoted as being important for
effective informal STEM learning experiences is that of funding and providing incentives for
teachers, especially those that dedicate extra-long hours to mentoring afterschool programs with
students, such as FIRST Robotics. Funding is even a factor for considering informal professional
development opportunities, such as being paid a stipend for participating in a research experience
for teachers during the summer. Simon shares his view on receiving incentives during such
programs:
It is nice to be paid for learning when going to some of this stuff. That’s a big benefit,
and I think that’s part of the reason you know, it seems to be. I was like wow, it’s worth
the time and effort to put into this. You do feel a little more...[pause] more valued? As
part of society, too. It’s an investment in the future, really. You invest in teachers, you
invest in what they teach and that translates right into the classroom and what the
students get out.
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Like several of the other study participants, Simon notes that having monetary incentives for
teachers to participate in such informal STEM learning opportunities is vital in the development
of their sense of self-worth and value within the profession. Furthermore, such incentives
(monetary and otherwise) also contribute to teacher buy-in and motivation for pursuing
professional development beyond that offered through more formal, structured programs during
the course of the school year.
Simon goes on to further elaborate on his view of teachers and seeking assistance and
being advocates for themselves in receiving the resources and supports that are needed to be
successful:
I think sometimes we as teachers have a difficult time explaining what we really need to,
‘cause maybe we don’t know. We need experience, is what we need... Teachers, we’re
so...[pause] self-sufficient. You know, we have to be. And it’s hard to explain what we
need from somebody else without having really thought about it for a while And asking
the right questions. We’re kind of weary of...if we said too much, or if we know it’s
going to be a “No!” kind of thing. At some point, of course we’d like all that brand new
stuff and state of the art everything, but we also know that there’s a limit to that.
There is a bit of pessimism in Simon’s tone of voice as he talks about teachers’ difficulty of
advocating for their own needs. He shared that he understands that teachers have many different
needs, whether it is for their regular classrooms or even for their own professional development.
However, Simon also acknowledged that teachers can also be empathetic to a point of being
cynical and knowing that oftentimes their needs are unmet. Even still, at the end of his interview,
Simon eagerly concluded that having been a participant of many informal STEM learning
experiences has helped him feel more confident in advocating for his and his students’ needs.
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Summary
Simon’s narrative shed great light on his individual professional growth and
development of identity as a STEM educator, through finding his footing as a career changer and
becoming a multifaceted educator with roles ranging from teacher, advocate, advisor, coach,
mentor, and more. Through this shift in positioning and developing his identity, Simon also
gained significant amounts of confidence in himself as a science teacher, both within his own
classroom and through informal STEM learning opportunities such as coaching his robotics
team. This confidence has also had a huge impact on his views of his own ability to inspire his
students and other stakeholders in the community to be excited about STEM education, further
spurring his own motivation for the profession.
Narrative Five - Gina’s Story
I saved Gina’s story last to be shared in this series of narratives because her journey in
being a STEM educator is unique unlike the rest of the other participants in that we shared a very
long history together -- one that led to my pursuing higher education and a career in a STEM
field and then eventually teaching. Gina had taught for twenty-eight years, in high school science
(particularly Biology and Earth and Environmental science). Our relationship and my returning
to her to gather her narrative and story for this study felt very inherently meta, in some sense.
You could also say that Gina had a significant impact on my own identity development as an
individual in STEM and then eventually a STEM educator. Catching up with her and including
her insights in my study felt like a natural progression and could possibly give some insight on
the development of a STEM teacher’s identity from a grand scheme.
The very first time I met Gina, I was a freshman in high school. Although she was not my
teacher directly for any classes, I learned of her name through friends in upper grade levels who
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had taken AP Environmental Science with her, often musing of how engaged and excited they
always were about the class. When my closest friends and I joined the school’s Science
Olympiads club, I was not surprised to find that Gina was the club sponsor. Science Olympiads
was a large part of my high school life, as I spent so much time outside of school practicing for
competitions alongside my peers. Throughout much of that time, I had an opportunity to explore
different subject areas of science that I did not typically encounter in my normal in-school
classes (biology, chemistry, physics) such as food chemistry, forensics, forestry, earth sciences,
and even experimental design. In each of those cases, Gina was always around after school,
encouraging the group of thirty or more students to continue exploring and being curious about
science. In hindsight, I believe that my experiences and Gina’s mentorship certainly contributed
to my own interest and pursuit of higher education in a STEM field.
Most recently, I got back in touch with Gina through pursuing my own studies in teacher
education. Several years after I had already graduated high school, Gina also moved along to a
local university to work with undergraduates interested in becoming science and mathematics
teachers. Coming full circle and approaching her to be a part of my study also was in part to
selfishly sate my own curiosity in hearing her story about her nearly thirty years of teaching
experience at various levels. Gina shared many insights on the development of her own
understanding of her professional identity, particularly as she shifted different roles throughout
her career. This continual shift of her professional identity through the changes in her career is
something that resonates throughout all of Gina’s narrative. In her story, Gina speaks specifically
about two main forms of informal STEM learning experiences as having impacted her
professional growth: extracurricular experiences and the building of relationships with students
on a day to day basis beyond just the classroom.
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Identity Development
Throughout Gina’s interview, she described herself through many transitions highlighting
the shifts in her career as a STEM educator. Her continual self-evaluation and consciousness of
her positioning in her transitioning roles throughout her career show her reflexivity and
understanding of her own identity and growth as an educator. In particular, Gina highlighted
three main factors that contributed to the development of her professional identity: 1)
opportunities to raise expectations for her students, 2) taking on roles beyond that of a classroom
teacher, and 3) having the opportunity to reflect on her identity throughout her career transitions.
Raising expectations for learning. Similar to several of the other participants I talked to
in this study, Gina shared multiple recollections of students whom she had vivid memories of
and the symbiotic growth and impact that they had on one another during their times together
through learning experiences beyond the classroom. For example, Gina went into detail for about
four minutes during her interview, sharing a story about a student in one of her earliest classroom
memories -- a student who would easily be identified by many as simply mediocre or even lowachieving, who did not do any assignments whatsoever during class. However, Gina noted that
“his tests were outstanding, so that’s why he was making a C,” so she recognized that this
student was brilliant and had a gift for learning and understanding science, without immediately
dismissing him as being disinterested or a poor student. Gina noted that it was through taking the
time to develop a relationship and understanding who this student was beyond the regular
classroom that he had a chance to demonstrate his natural inquisitiveness and curiosity.
In one instance, Gina shared that despite being uninterested in everyday classroom
studies, this same student actively sought to explore science in more informal means and felt
comfortable to share his interests with her because of their established relationship. Through
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Gina’s belief in the importance of cultivating these relationships, it is implied that she was able
to raise expectations for the student and his studies. After sharing an instance in which she
encouraged this same student to watch the passing of Halley’s Comet through the night sky, she
talked about a sudden change in his motivation for school:
And so from then on, he made a 96 on every assignment [in class]. But in the meantime,
he already had an F because of his first semester -- he had not done anything then!
[Laugh] So... I went to the principal then and told them, I said, “I’m going to give him an
A and if you don’t support it, you can override it. But I don’t know, there’s something -still to this day, almost 40 years later, I still don’t know. But there’s something that I was
able to get through to him -- so, I’m going to give him an A.”
This story was just one of several that Gina shared in her long narrative, but her detailed
recollection and genuine investment in her students’ well-being suggest her professional mission
and identity as a proponent of lifelong learning across different opportunities, even beyond the
regular classroom. Her enthusiastic support of her students’ curiosity for science shows her high
expectations for all of her students, regardless of whether they are innately curious but perhaps
do not show it in the classroom or those that excel in a more traditional setting or academic
extracurriculars.
Fostering relationships for learning. Even right away at the start of her interview, Gina
emphasized her passion and belief that building relationships with students is vital for every
teachers’ success, whether it is through formal classroom learning or informal extracurricular
experiences. She emphasized that students “test and forget, but the relationships they will never
forget.” This ideology was not limited to just Gina’s own experiences and pedagogical beliefs,
but it also has huge implications on how it could have transcended to the way in which she
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inspired the undergraduate education students -- the pre-service teachers who she worked with.
She noted this mission for forming relationships that foster learning:
A teacher doesn’t just teach content. You’re teaching them to become the citizens for
tomorrow. And that is the way you will teach them -- by building a relationship. That is
the first thing... Teaching cell division is not the first thing -- you can teach cell division;
that will come later. But your relationship with the students is what will come first.
It is Gina’s genuine belief that relationships build a window for creating an excitement for
learning, and she notes that this belief is what inspired her to become involved in informal
learning opportunities beyond her day to day classroom. She shared this bit of wisdom with her
science department when she became departmental chair by saying, “We should not be teaching
science to students -- we should be teaching students science. The students should come first; the
subject will come later.”
During her time in teaching high school, Gina sponsored a wide variety of different kinds
of STEM-based extracurriculars, ranging from Science Olympiads, Science Bowl, Envirothon,
and many others, even some that were not purely STEM-related, simply because many students
sought her mentorship and wanted her guidance through seeing her as an approachable advisor.
When I asked Gina about her favorite experiences in these informal learning settings, she
reminisced:
It was fun interacting not only in classes but also through Science Olympiads and Science
Bowl -- it was a chance to see all of you outside of class. And those things -- they showed
students that science is not just textbook. It is not exams. You could learn by applying
yourself and using your own intellect to answer questions which you would not do in
class. That’s why for me Science Olympiads is a tremendous opportunity, I think...for
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STEM. Because it teaches students to think, to problem solve. And that’s what we’re
trying to do -- critical thinking, and this is where the application is.
Finding her voice as an agent for bringing these opportunities for applying content knowledge
beyond simply tests and standard curriculum was very evidently something that impassioned
Gina and sparked her motivation for teaching and endorsing STEM-based extracurriculars. She
saw herself as a facilitator that could show students the “why” in learning what they did at
school, by presenting them opportunities to compete and challenge themselves through applying
their knowledge to situations to demonstrate their critical thinking and problem solving.
Transitioning career roles. Finally, the third and last contributing factor to which Gina
noted as being impactful to the development of her professional identity was her transition
through several roles throughout her career. Gina described her career changes through two main
phases: shifting from being a research scientist to a classroom science teacher and then from
being a classroom teacher to becoming a teacher educator.
From researcher to classroom teacher. Prior to beginning her career in education, Gina
received her doctorate as a geneticist. This initial transition into a very different field and
mindset was the biggest shift and challenge for Gina in understanding her own positioning and
professional identity. In her narrative, she described some conflicts in justifying the change in
profession -- both to herself and her family. She described an instance in which her mother asked
her, “We understood why you left to go [far away] years ago because you wanted to do research,
but you went there to be a teacher?” Although Gina did not dwell too long on this somewhat
discouraging inquiry from her family, she attributed her motivation and inspiration for becoming
a teacher with great fondness. She described her own son to be involved with Science Olympiads
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in middle school, and she began coaching the school team and being heavily involved. She
shared her motivations for becoming involved with young students in science activities:
That was when I realized that I really wanted to teach. I especially wanted to teach young
people -- at college, it is too late to change a child’s perceptions about science. It has to
happen earlier... So I decided I would go back [to school.] There’s a program for people
who are wanting to do second careers and teach -- we went back to school, and I took a
masters again in curriculum and instruction.
With this initial career change, Gina described a great struggle at first in developing and coming
to terms with establishing her professional identity as a science teacher. Although she loved
coaching Science Olympiads and was excited to begin a new career path in being a teacher, Gina
noted that she “loved [scientific] research, and it was hard to give that up.” Through her story,
she acknowledged that there was certainly a difference and shift in her understanding of her role
as a science educator by having a research background in biology and genetics. Although she did
not explicitly talk about her deep content knowledge background and how it may have
contributed to her identity development as a high school biology teacher, Gina focused more on
sharing the various different ways in which she fostered excitement along her students for
learning in general, both within her classroom and through the informal learning opportunities
that she sponsored, such as Science Olympiads, Science Bowl, and more.
From classroom teacher to teacher educator. After eighteen years in the high school
classroom, Gina shifted in her career to instead take part in developing a teacher education
program at her regional university. With this second shift in her career, she joked, “When I
[moved] to the university, the first semester, I kept thinking I made a mistake. [Laughs] That I
should still be back at the high school.” However, through her narrative descriptions of how she
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received guidance from other teacher educators at the institution, Gina described ways in which
she began to envision herself as a part of a larger picture, with a greater positioning in which she
had a larger impact in education. She noted shared a piece of advice that she received about such
a potential for greater impact:
At the high school level, you’re impacting students. But [at the university level], when
you teach teachers, through you, it’s like a domino effect. You’re impacting a lot more
students in the long run because you’re impacting teachers. Through this teacher
education program, it’s so personal -- I’ve gotten to know all of my [undergraduate]
students at a personal level, so it made it worthwhile.
Through her experience at the university level, Gina developed a better understanding and
confidence in her role as a teacher educator and leader in STEM education. Through this phase,
she also was able to pull on her prior expertise as a research scientist, bringing in a unique
perspective to strengthen her positioning and approach for inspiring future generations of new
teachers. She shared this unique viewpoint on education as someone who came from a research
background:
We used the research backbone to teach science. I think that’s the way to do it -- that’s
the way to give students ownership of their own learning, if teachers are able to let go.
That means in research positions, most of the time when we did experiments, they didn’t
work, so we just went back and kept trying different things, and teaching is like that. So,
you have to be able to let go and let the students take ownership of their learning. And
unless you’ve gone through research yourself and you know there’s a chance that it may
not work and that it’s okay for it not to work, you come to understand that it’s the process
of learning that’s important.
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This incredible standpoint of bringing in her background of research into her perspectives on
pedagogical theory suggests that she was able to develop a greater understanding of her identity
and confidence as a teacher educator. With the way that she describes her interactions and
conversations with her undergraduate student teachers in the teacher education program, it is also
implied that she also imparts her firm belief of developing a strong relationship with students and
her philosophy of teaching students first, then content.
Professional Growth and Learning
In speaking with Gina about her career and also experiences with informal STEM
learning opportunities, she highlighted two main areas in which she felt that she grew the most:
1) developing confidence in her role as a pedagogical expert, and 2) establishing herself as a
confident leader and active proponent for STEM education.
Becoming a pedagogical expert. Although Gina already alluded to quite a lot of
professional growth and learning throughout the many phases in which her identity shifted
throughout her career, her rise to be a pedagogical expert was among one of the biggest aspects
from the experiences in her journey. When she left the high school classroom to begin the next
leg of her career as a teacher educator at the university level, Gina reconciled with herself and
her sense of missing the classroom by remembering that she had shifted to a positioning of
greater reach by impacting future generations of teachers.
As a teacher educator, Gina demonstrated confidence in her pedagogy after eighteen plus
years of practicing within the classroom and also through extensive informal learning
experiences through the extracurriculars in which she was involved. This awareness and desire to
share her pedagogical expertise suggests that she moved on to the next level of self-awareness as
a master teacher. Besides being able to also tie in and make connections to her former identity as
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a research scientist in her practice as described in the previous section, Gina also continued to
share with her student teachers her passion for the importance of building positive and
meaningful relationships to foster a spirit for learning. She further illustrated how she shared this
concept of developing teacher and student learning opportunities:
I always, always tell them that. I tell them that the first thing is the relationship. The
education -- they’ll test and forget, but the relationship they will never forget -- they will
never forget that. And if they know that you [as a teacher] are trying, that you are fair and
trying your best, they will also try their best and meet your expectations. So you must
build a relationship first; don’t ever work with a class with an agenda that content alone is
what you want to teach. The students -- no matter 6th, 7th, 8th, 9th, 10th graders -- they’ll
learn from you how important relationships are in life. ‘Cause you’re not just there to
teach content -- you’re teaching them to become the citizens for tomorrow.
Imparting on the next generation of teachers the impact that they have on their future students
shows the magnitude to which Gina sees in sharing her experience and years of practice. This
level of understanding the role and positioning of teachers as agents for equity and broadening
accessibility in STEM education is something that ties into Gina’s second facet of professional
growth and learning -- finding confidence as a leader.
Becoming a confident leader. Throughout Gina’s story, she highlighted one significant
other aspect for which she felt that she grew professionally through informal STEM learning
experiences. As she shared events and detailed descriptions of happenings with students
throughout her experiences both in and out of the classroom, it was evident that later events and
encounters in her career were where she had the opportunity to truly flourish as a leader in
STEM education on many different scales: locally, state-wide, and even nationally.
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In her classroom content area, Gina’s descriptions of participating in different levels of
guiding professional development suggest a growth in her own confidence, beyond her shift into
teacher education for future STEM teachers. This level of confidence transpired both with her inclass experiences (such as teaching Advanced Placement courses and even eventually becoming
the head of the science department at the high school in which she taught) and also outside of the
classroom (through coaching Science Olympiads and other academic extracurricular programs
and eventually becoming a regional leader for the programs). She describes the opportunity for
becoming a leader in her field:
I was able to connect with so many different people, so many different students. For
example, I consult for the College Board for Advanced Placement as well to connect with
other teachers nationally, and other teachers who are becoming teachers and at a different
level as well.
Gina also described multiple occasions on which she traveled nationally and even globally with
her students to various competitions in the out-of-classroom programs of which she was
involved. The reach and network in which she built through these informal STEM learning
opportunities also further extended her confidence as both a teacher and also a mentor and
sponsor in these out-of-school experiences.
After a career of over thirty years in education, Gina still describes herself as an active
proponent for STEM education and enriching STEM learning experiences of all kinds, whether
they are more formal and in a classroom, or more informal and outside of classrooms. Even
following retirement, Gina described being actively a part of the local and state Science
Olympiads community, often consulting and providing support to teachers, students, and schools
throughout the region. As a statewide coordinator and director, she actively presents at various
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events to encourage teachers to participate and become sponsors for STEM-related
extracurriculars such as Science Olympiads and Junior Science, especially schools and
communities which would otherwise not often have such enrichment opportunities for their
students.
Resources and Supports
Through my conversations with Gina about her experiences in being a mentor, coach, and
even leader in informal STEM learning opportunities, she mentioned two main areas in which
she found to be the most important resources and supports for establishing a successful and
meaningful experience. These included the following: 1) having ample administrative support for
activities both within and outside of the classroom, and 2) funding for informal STEM learning
programs and experiences for both teachers and students.
Administrative support. Gina repeatedly highlighted that having meaningful
administrative support and buy-in for enriching STEM programs, especially those outside of the
classroom such as extracurriculars, was vital for meaningful experiences for her students. Having
the necessary support and trust from her school administration also gave Gina the opportunity to
grow positively in understanding her positioning as a coach and mentor for her students through
these programs. This trust between herself and the administration is evident through examples
she shared in her narrative, such as the one in which she chose to give a student an A grade for
their genuine excitement for learning about science, despite having not completed in-class
assignments. She laughed, while recollecting the incident of persuading her administration on
such a decision:
But you know, at this school district, the administration is fully supportive. So they said,
“Oh, yeah, they’re your students, you do what you want.” So I gave [the student] an A.
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Even through this small gesture of trusting in Gina’s capabilities and judgement as a classroom
teacher was significant in building her confidence as an educator and led to her establishing
evidence that she has had an impact on various students’ education and lives. The student in that
very example then went on to graduate from college, inviting Gina to attend in his late father’s
stead, purely because of the immense impact that she had on his learning. Gina was very moved
when she shared this story, where she remembered the student’s mother saying to her at his
college graduation, “Please sit on the side, so when he walks past, he’ll be able to see you.
Because you have no idea what kind of a difference you have made in his life.” Such resonating
experiences suggest a way in which they may have fostered motivation and sincere realization
within Gina in her understanding of her agency and influence among countless young minds as a
STEM educator.
Funding for programs. Of course, like many of the other participants in this study, Gina
expressed monetary funding as being one of the significant shortcomings for implementing
successful informal STEM learning opportunities. However, always looking optimistically at the
impacts that she could strive to achieve from her unique perspective, she shared an instance in
which she leveraged her positioning as a statewide coordinator and director to assist in finding
funding for informal STEM learning opportunities such as Science Olympiads and Junior
Science and Humanities Symposium. She described such an instance of needing to find funding:
For Junior Science, I had to write a grant to the Department of Defense to fund that. So
when I took over a couple of years ago, the people before that -- they had a reasonable
size grant, then the ones who took over -- they did nothing, so they cut the grant. So
whoever the person who was writing the grant -- they never used the money, so it had to
go back [to the Department of Defense] ... If you send back whatever money next year,
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they’ll cut the grant because if they’re not using it, then some other state will get that
money. They have to make sure the money is used for the students.
Despite this, Gina also recognized that funding may be even just one of the many systemic issues
that impoverished and underserved schools may face. For example, she shared her experiences
working with Title I schools in the area through her role as regional coordinator for some of the
programs. Through annual funding that she applies for through grants, she talked about inviting
various schools with Title I designation to bring their students and attend a social event where
they can have a banquet as well as visit local lab spaces to talk to scientists and researchers -experiences that are otherwise not readily made available to such schools.
Gina suggested that also through these kinds of experiences provided through funding
opportunities, she hopes that these communities become more aware of high-quality STEM
education resources that are available to them in the region. As she concluded this story, she
noted that her departing hope in moving on from that position after retiring is that those who take
over the programs will continue such partnerships and pursue the funding needed to sustain these
meaningful STEM learning experiences.
Summary
Speaking with Gina and examining her narrative last among all of the participants created
a very complete overview of her experience through many different transitions in identity as a
STEM educator. Although she had many unique instances and a scientific research background
moving into education as a career changer, Gina’s experiences and rich dynamics with the
students encountered throughout her journey resonated much to the same tone as the stories
shared by other participants in my study. From her initial steps into coaching her son’s Science
Olympiads team to becoming a teacher educator to inspire future math and science teachers,
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Gina shared many ways in which to be invested in such enriching STEM learning opportunities
for learners of all kinds.
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CHAPTER FIVE
META THEMES ACROSS NARRATIVES AND INSIGHTS
The purpose of this study was to explore STEM teachers’ professional identity
development based on their lived experiences of participating in informal STEM learning
opportunities. These lived experiences were examined through their spoken narratives, in which
they shared key factors from each of these stories that contributed to their personal understanding
of their professional identities as STEM educators. In particular, this study examined the
following three research questions: 1) What aspects of informal STEM learning opportunities do
STEM teachers find contribute the most to their identity development? 2) What kind of learning
and/or professional growth occurs during in-school informal STEM learning environments? 3)
What kinds of resources are necessary to provide effective informal STEM learning
opportunities that benefit identity development of STEM teachers?
While generalization of the findings was not a priority due to the nature of these
individual narratives, the purposeful sampling that was used to select the five participants did
contribute to a good distribution of varied backgrounds, expertise, subject areas, grade levels,
and experiences with different types of informal STEM learning opportunities. It is also
important to note that one of the narratives included is that of an elementary educator, who
identified herself mostly as a facilitator, albeit still considering herself a “STEM educator.”
Because of the nature in which her roles and responsibilities are so inherently tied to STEM on a
day to day basis, she was included as a unique perspective despite her being at an elementary
level and a not a “classroom teacher” in that aspect. By including her narrative, this provides an
interesting additional insight on different “types” of STEM educator roles and gives a unique
vantage point of defining STEM educator identities.
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Chapter Four explored each of the narratives from the five participating STEM educators,
with a focus on how the journeys they described in their experiences with informal STEM
learning have contributed to each of the three research question areas. After the analysis of
individual narrative interview data in the previous chapter, the data were compared across all
participants to identify cross-narrative recurring themes. This goal of this chapter is to highlight
key themes regarding STEM educator identity development and professional growth that
contributed most to these experiences. Because of this, the proceeding cross-narrative analysis,
discussion, and implications will refer further to “STEM educators” as a broader term, rather
than simply “STEM teachers.” The next few sections will feature themes in the following: 1)
development of professional identity, 2) professional learning and growth, and 3) valued
resources and supports. Appendix E and Appendix F are also provided to show an organization
of emergent themes found across participant narratives, along with some generalized data from
the participants’ responses to the initial screening survey.
Themes in Development of Professional Identity
From the narrative data, there were two distinct domains in which the themes assigned in
response to the first research question about the development of a STEM educator’s professional
identity. The domains regarding the development of the participants’ professional identities that
will be detailed below are: 1) developing a perspective on informal STEM learning opportunities
and 2) developing and defining the STEM educator identity. Through these two domains, there
were recurring themes shared across the narratives that contribute to the development of each of
their professional identities.
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Developing a Perspective on Informal Learning
Developing a perspective on informal learning opportunities, particularly those with a
STEM focus, was the first thematic domain that reappeared through each narrative. All of the
participants started off their narratives with a broad understanding of the kinds of informal
learning and programs in which they have participated. However, their perspectives and
definition of most significant aspects of these programs were best defined as they further recalled
their experiences and the different significant events in their interactions and relationships with
students and other stakeholders through these programs. Under this domain of developing a
perspective on informal learning, two main themes were assigned as being most critical aspects
of experiencing such opportunities: a) fostering relationships for learning and b) raising
expectations for learning. It is through these two themes in which the majority of the participants
described informal learning as opportunities to enrich their students’ engagement and
understanding of STEM areas.
Fostering relationships for learning. Within the domain of developing a perspective on
informal learning, the first notable theme from multiple participants’ narratives was that of
fostering relationships for learning, most notably with the students involved in the STEM
programs. In particular, three out of the five participants (Simon, George, and Gina) talked about
building relationships as a foundation for successful informal STEM learning experiences.
For both Simon and George, they both described the cultivation of relationships outside
of the classroom in extracurriculars such as FIRST Robotics and Mu Alpha Theta was an
important factor in building engagement and a bridge between classroom content and real-world
application. Simon shared his experience of being more approachable for his students, saying
that they go to him with “questions and things that aren’t necessarily related to science -- they
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see [him] as more of a mentor and somebody that can be trusted.” Developing that trusting
relationship is also described as an important factor by George, who uses that opportunity to
propel his students’ motivation for learning and being inquisitive about mathematics. Through
the challenging material that his participating students engage with in Mu Alpha Theta, George
is able to build an understanding among his students that math is not just about finding “the right
answer” and instead “collaborating in a healthy way...not just focusing on the end result.”
Fostering that sense of collaboration and teamwork among his students is yet another level in
which George finds relationships as key for positive and effective learning experiences,
especially in such informal formats.
For Gina, the theme of fostering relationships for learning was integral to her entire
narrative. With her vision of the role of a teacher as primarily teaching students, not simply
content, Gina was quick to always bring connections about building relationships for learning of
all of her experiences with informal STEM learning programs. She noted that by engaging in
afterschool programs like Science Olympiads and Science Bowl, she was able to see her students
outside of the classroom setting. In that setting, she could then show “students that science is not
just textbook” and that there are applicable instances in which the STEM content they learn in
school can relate to things that happen in the real world around them. Through the experiences
beyond the classroom, Gina developed a view that informal STEM learning opportunities served
as prime environments for cultivating students’ critical thinking, problem solving, and even
collaborative skills that could translate to future studies and other ventures later in students’
lives.
Raising expectations for learning. The second theme that arose within the domain of
developing a perspective on informal learning opportunities was that of raising expectations for
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learning among students. In particular, three of the five participants described informal STEM
learning programs as a way in which they could raise expectations for learning among students
of all capabilities. For George, Mu Alpha Theta was a way in which he could extend his
students’ learning, especially those that needed more of a challenge in their regular studies in his
classes. He noted throughout his descriptions of the program that there is a significant disparity
between the rigor found in the typical mathematics classroom curriculum standards and the level
of problem solving required by many of the questions presented in national mathematics
competitions. Although at times George jokingly noted that he was not “torturing his students”
by presenting them with overly challenging material, he certainly believed in providing
opportunities for students both in his classes and in more informal settings such as Mu Alpha
Theta to have the opportunity to engage with rich experiences engaging them in critical thinking.
On a similar vein, Andi and Gina also expressed different ways in which informal
learning programs can raise expectations for learning among students of all levels of
achievement both within and outside of class. Both Andi and Gina were involved with
sponsoring Science Olympiads (Andi at the middle school level and Gina at the high school
level), and both of them expressed situations in which the hands-on, collaborative environments
of the program have allowed for their students to be stimulated and excited about learning.
Curiously, both Andi and Gina also described specific examples in which the experiences in
interacting with students that would seem otherwise unengaged or disinterested in traditional
studies being much more excited and curious in learning about science due to their exposure of
the subject matter through a more informal lens, such as Science Olympiads projects and
competitions. They both shared occurrences in which a student that they would have otherwise
thought mediocre and achieving at a low level found inspiration and inquisitiveness for science

95

through having been given the opportunity to explore science in an authentic fashion through
out-of-school experiences. By realizing the impacts that these kinds of informal STEM learning
experiences can have on students of all learning abilities, both Andi and Gina gained more
motivation for being proponents for such programs, which can even be seen later when they take
up leadership positions in the programs of which they partake.
Developing and Defining the STEM Educator Identity
The second domain in which themes arose relating to participants’ development of
professional identity centered around the idea of developing and defining the identity of being a
STEM educator. Through their narratives, each participant described different experiences that
all contributed to their unique definitions of the roles, relationships, and responsibilities in
association with being a STEM educator. In particular, two main themes arose in support of the
characterization of the STEM educator identity: a) becoming a confident teacher and b)
transitioning career roles.
Becoming a confident teacher. One direction in which participants described the
development and definition of a STEM educator identity was through becoming a confident
teacher. Both Andi and Simon shared explicitly about gaining great confidence and
understanding of their identities as STEM teachers through the lived experiences of participating
in informal STEM learning opportunities. For Andi, the development of her confidence was
particularly important in the definition of her identity as a STEM educator. With her rocky start
into education, the positive experiences of which she gained and the significant impacts in her
students’ learning that she witnessed through participating in informal STEM learning
opportunities bolstered her morale and view of herself as a competent, successful STEM
educator. The coaching and mentoring opportunities in which she partook through informal
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STEM learning opportunities bolstered her own professional growth and confidence as a teacher,
especially as she noted that she had little to no formal teacher preparation and training prior to
becoming a classroom teacher. Furthermore, the pride she describes in her students’
accomplishments also contribute to the validation of herself as a successful and impactful STEM
teacher. This confidence also later on advances her view of herself as a leader, especially with
expertise in informal STEM learning programs and opportunities beyond the classroom.
Similarly, Simon also echoed the theme of becoming a confident teacher throughout the
telling of his narrative. Starting off in the classroom as a career changer, Simon also began
teaching as a very reserved and somewhat tentative educator, highly aware of the different
dynamics encountered in a high school classroom setting compared to that within the
engineering industry. However, he gained significant confidence in himself and his abilities as a
teacher through coaching the FIRST Robotics Competition team at his school and also
participating in informal STEM professional development opportunities during summer break.
This development of confidence also played into his understanding of the role of STEM
educators as being advocates for others within his community, engaging others in the curiosity
and excitement of learning about science and engineering.
Transitioning career roles. The second theme in which participants described as being
supporting in the development of their STEM educator identity was the process of transitioning
career roles. In particular, this career and therefore identity transition was an experience
described only by two participants in the study -- Gina and Simon. Both of these participants
originated from a scientific background (research and industry, respectively) before becoming
classroom teachers, and described the shift in the understanding of their own professional
identities throughout their narratives.
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For Gina, she described this transition in great detail, denoting huge, impactful shifts
between self-identifying as a research scientist to becoming a classroom teacher to becoming a
teacher educator. These shifts clearly played a significant role in defining what it means to be a
STEM educator and how she fits into her definition and understanding of that role. Taking her
deep understanding of biology to the classroom, Gina fostered her own curiosity and love for
science into ways in which she could inspire her own students, both within her classroom and
through the extracurriculars of which she coached. Through her career transition, she also further
developed a vision and belief that a significant part of the identity of being a STEM educator
included encouraging students to pursue genuine opportunities for learning science, which of
course furthered her conviction in being an advocate for informal STEM learning opportunities
and programs. Additionally, as she stayed in the classroom for almost two decades, she further
grew to be a STEM teacher educator, viewing herself to have a further reach and impact by
working with future STEM teachers in teacher preparation programs. This later transition in her
career further developed and defined her views of herself as a lifelong STEM educator.
The transition between experiencing a shift in career as a former industry professional to
becoming a classroom teacher was something that Simon also highlighted at multiple points
throughout his narrative. Although not quite as clearly described and focused on as Gina in her
story, Simon also referenced different times in which his background in being an environmental
engineer created a dynamic in which he needed to shift his mindset to thinking more on the
impact that he has on fostering curiosity and interest in learning science among his students. As
he took on an additional role as head coach for his school’s FIRST Robotics Competition team,
he also engaged in community outreach alongside his students, inspiring younger students and
their families to be excited in learning about robotics and STEM education. This understanding
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of the role of a STEM educator as having capability of having even broader impacts beyond the
typical classroom and afterschool programs demonstrates that Simon has a much deeper
understanding of his own identity and positioning as an agent for learning.
Summary on Development of Professional Identity.
Through the recount of each participant’s narrative, their understanding of both
themselves and the informal learning opportunities in which they participated became more and
more apparent. By developing an understanding of the programs in which they were involved,
the participating educators formed key philosophies in which they grounded themselves in their
missions for impacting student learning. Through fostering relationships that promote an
eagerness for learning and raising expectations for all learners to achieve opportunities for
challenge, the educators found validation in their dedication to providing such informal STEM
learning experiences to their students. Through these experiences, the educators also grew to
further understand and form their professional identities as STEM educators, defining the roles
and responsibilities in which they partake. Whether it was becoming confident in their status as a
teacher or embracing that status through transitions in their career, the participants each shared
key elements from informal learning experiences that contributed to their self-realization as
STEM educators. As the participating educators formed an understanding of their developing
professional identities, they also better grasped the extent in which they could further impact the
learning of their students through non-traditional settings, creating connections for them between
the classroom and the world they live in.
Themes in Professional Learning and Growth
Analyses of the second research question identified three main domains emerged that
encapsulated significant recurring themes regarding participants’ professional learning and
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growth through experiences with informal STEM learning opportunities. These domains include
growth in 1) content knowledge, 2) pedagogy, and 3) leadership.
Growth in Content Knowledge
Four out of the five participants (and all four of the classroom teachers) spoke
specifically about some form of growth in their own content knowledge due to their participation
in informal STEM learning opportunities. However, the extent to which they described the
growth of their own content knowledge was categorized into one of two themes: either a) in
gaining content area expertise (such as becoming more confident in the subject areas to which
they teach within their classrooms or engage with through informal STEM learning
opportunities) or b) in becoming more of a content area expert (in becoming confident in their
subject areas such that they are leaders and/or can begin to perceive themselves in the
positioning of being an expert in their field.) Throughout both of these themes, the participants
described specific ways in which participating in informal STEM learning programs enriched
their own understanding of the content areas that they taught, creating opportunities for them to
construct relevance between their subject area and real-world applications.
In gaining content area expertise. Within this first domain of professional growth in the
development of content knowledge, the first theme that arose was that of gaining deeper content
area expertise through participation in informal STEM learning opportunities. In particular, Andi
and Simon both described ways in which their involvement with such programs bolstered their
own understanding of science subject areas. For Andi, being involved as a mentor and sponsor
for various science-related extracurricular programs and student competitions was highly
valuable and key to her own growth in content area expertise as a science teacher. Having come
from a humanities background, these informal STEM learning programs and environments
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provided her with an opportunity to deepen her own understanding and explore science alongside
with her students. As Andi’s confidence grew through gaining more expertise in science subject
areas, she also bloomed and gained overall confidence in seeing herself in the identity of a
science and STEM educator.
For Simon, gaining content area expertise was likewise one of the first themes in which
he developed throughout his narrative about the professional learning and growth he experienced
through informal learning opportunities. Coming from an environmental engineering
background, Simon fell comfortably into the role of teaching geology and physical science.
However, as he gained experience in teaching in the high school classroom, he discovered that
he wanted to spread his science content area understanding and continue to learn more in
broadening his scope. For example, he participated in a summer research experience in
conjunction with a local university to deepen his biology and mathematics content knowledge,
something of which he attributed in his narrative as greatly helpful in creating connections
between concepts about modeling across all of the classes he teaches. Furthermore, with
coaching his FIRST Robotics Competition team, Simon also formed connections between
mechanical and electrical engineering concepts, and even programming. By further expanding
his range of content expertise, Simon built confidence in his abilities as a science teacher and a
greater sense of his view of himself overall as a STEM educator.
In becoming a content area expert. In contrast, two other participating teachers
expressed an even greater growth in their own content knowledge after being involved with
informal STEM learning opportunities. In fact, in George and Gina’s narratives, it was very clear
that both participants were very confident in their content knowledge and understanding.
However, through different experiences and ways in which math (for George) and science (for

101

Gina) was presented to students in informal settings, both of these teachers were able to further
deepen their own understanding of their respective subject areas such that they began taking up
leadership roles and adopting aspects of their identities as content area experts over the course of
their careers.
For George, his experiences with being a sponsor for Mu Alpha Theta, the extracurricular
group’s activities (math competitions, tutoring, and other math-related activities) were directly
tied to the subject area and content of which George taught in his classroom. Therefore, by being
so deeply involved with this informal STEM (math) learning program, George greatly increased
his everyday exposure and contact with the subject area, even beyond his regular classroom
hours. This increased exposure further contributed to his own motivations for pursuing ways to
better capture the interest and probe for problem solving among the students in his classes,
prompting him to pursue deeper understanding for curriculum development and enrichment
beyond what was provided at the district and state level. As George became more deeply
invested in searching for best approaches and ways to enrich state mandated curriculum and
standards, his vision of himself as a content area expert grew such that he developed a sense of
leadership as a part of his professional identity.
For Gina, she similarly adopted a part of her vision of her own identity as a STEM
educator through becoming a content area expert. Although she was fully aware of her strong
biology background, being a former geneticist and research scientist, Gina further grew her
content area expertise through the various science competitions and informal science learning
programs in which she sponsored and promoted amongst her students. During her nearly twenty
years of teaching in the high school setting, Gina eventually also became science department
head, leading the fellow science teachers at her school to likewise engage in ways to encourage
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students to be curious about science in both formal and informal learning settings. During this
time, she also became involved with reading and consulting for the College Board for their
Advanced Placement Environmental Science course and exam, as well as many other
opportunities at both the regional and state level as a leader in science education. Like George, as
Gina became more deeply invested in being more deeply involved in her subject area through
taking up leadership positioning through both academic and extracurricular involvement. In
doing so, she also grew confidence and an understanding of herself in her professional identity.
Growth in Pedagogy
The second area in which participant narratives shared a theme for professional growth
was that in a growth of pedagogy. In particular, Gina and Simon explicitly shared examples in
which they experienced significant opportunities to grow in their skills and craft as educators. It
is very interesting that these two participants were the only ones who reflected in observing their
own professional growth in pedagogical practices. In fact, Gina and Simon were the only two
career changers within the group of participants, with Gina transitioning into a teacher as a
former geneticist and research scientist and Simon as a former environmental engineer and
industry professional. However, it is also very important to note among these two that designated
pedagogy to be an area of growth had very contrasting levels of growth.
Simon, who has taught for six years in total thus far, shared several examples throughout
his narrative about experiences with informal STEM learning opportunities that contributed to
his development in pedagogical strategies directly in the classroom. In particular, Simon
specifically cited the informal STEM learning opportunities, such as research experience
programs for teachers during the summer, provided him a chance to dive deep into reflection on
his practice and impacts that he has on the students in his classes. By taking the time to
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participate in these kinds of informal professional learning programs, Simon was able to explore
different types of classroom practice that he could then adopt and implement in his classroom
during the school year, such as greater problem-based learning approaches and modeling for
multidisciplinary connections between science and math.
On the other hand, Gina taught in the high school setting for nearly twenty years, during
which she gained significant experience as a seasoned veteran teacher, refining her pedagogical
skills. In fact, after retiring from the high school classroom, she moved on to be a teacher
educator, training future generations of STEM subject area teachers, imparting to them her
experience and expertise in pedagogy. However, it was especially her time in the classroom (and
actually outside of the classroom) when she worked so closely with her students through
extracurriculars in informal STEM learning settings that she developed the intense belief that
building positive and meaningful relationships that foster learning is the cornerstone of best
pedagogical practices. By taking the step after her classroom teaching career to transfer her years
of expertise and practice to future generations of aspiring teachers, Gina’s career-long growth in
pedagogy was an integral part of the development of her professional identity.
Growth in Leadership
The final theme in which participant narratives described aspects of professional growth
was that in relation to leadership. Most of the participants described becoming leaders in some
form or fashion (whether it was through content area expertise, leadership in the specific types of
informal STEM opportunities in which they engaged, or other areas such as pedagogical
leadership, which were the main themes described in the previous sections regarding their
professional growth.) Through growing in each of these different thematic areas as well as
developing confidence and a strong understanding of their own identities as STEM educators. In
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particular, leadership was the main highlight throughout one of the participant’s narratives -Morgan’s. As Morgan identified herself fully as a STEM educator, many of the roles and
responsibilities of which she described through her role as magnet school and STEM facilitator
were more of an administrative and leader positioning. With this unique facet of her STEM
educator identity, Morgan’s leadership stemmed from a foundation of seeing STEM as an
integral part to all of the programs at her school. As she sees herself as more of a school and
district leader than a classroom teacher, she also sees a part of her identity as being an advocate
for encouraging other teachers in adopting this vision of STEM education.
Summary on Professional Learning and Growth
Reflecting on personal professional learning and growth was a very prevailing common
part of all of the study participants’ narratives. Through the thematic domains of finding growth
in content knowledge, pedagogy, and leadership, each of the participating educators described
ways in which experiences through informal STEM learning opportunities contributed to their
professional development, especially as a part of the formation of their identities as STEM
educators. As the teachers further understand their own positioning and identities, they also
shared ways in which they became confident leaders in various aspects of their professional roles
and responsibilities.
Themes in Valued Resources and Supports
For the third and final research question, two main domains captured the emergent
themes of participants’ most valued resources and/or supports that were described from their
narratives. These resources and supports include: 1) support from others during the experience of
the programs and 2) support of programs themselves.
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Support from Others
Finding support from others, whether they are individuals within the local communities
or individuals from school, is a recurring thematic domain implied by all of the participants
throughout the narratives on their experiences of participating in informal STEM learning
opportunities. The extent to which all of the participants immediately gravitated towards
describing support from others as a major factor contributing to a successful experience in
informal STEM learning opportunities demonstrates the very collaborative and culturally shaped
aspects of these events. Specifically, there were two main types of partnerships in which the
participants described impactful support from others as being key to the success of their informal
STEM learning experiences: a) community partnerships and b) school community support.
Community partnerships. Fostering community partnerships that benefit all
stakeholders participating in informal STEM learning programs was a primary support described
by Andi, Morgan, and Simon. However, the types of community partnerships that each of these
educators described to have formed throughout their experiences with these programs varied
slightly due to the different programs in which they participated. In Andi’s case, her narrative
regarding community partnerships focused more on the impacts to which she has observed
directly on her students. She described strong relationships that she has built with out of school
organizations, including those from churches as well as charity groups within her school’s
impoverished community. With the high risk and day-to-day struggles faced by the students who
participate in the informal STEM learning programs that she is involved, Andi highlighted the
importance of bringing in such community partners to create a nurturing environment and
opportunity for her students to have meaningful learning experiences.
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Morgan and Simon, however, described the importance of community partnerships on a
broader scale in terms of impacts on meaningful experiences with the informal STEM learning
opportunities in which they are involved. Both of them described an emphasis of the benefits for
building community partnerships with STEM professionals as a way to create connections
between STEM subject area content and real-world applications. For Morgan, these kinds of
partnerships came in the form of both inviting professionals in STEM fields (such as engineers)
to speak with elementary school students about their careers, as well as bringing these young
students to visit such community partners in their industry and real-world settings. For Simon, he
also described the great value in fostering similar partnerships with professionals in STEM fields
in order to bring in technical expertise in the form of mentors for his FIRST Robotics
Competition team. Like Morgan, Simon also mentioned finding local community partners such
as industrial manufacturers to give his students concrete examples of what kinds of STEM career
opportunities there are beyond the classroom.
School community support. Another supporting group mentioned by multiple
participants within the environment of informal STEM learning opportunities were those found
within schools themselves. Among these groups, support received by the participants were
described as that provided from administration as well as teachers. For both George and Gina,
they both were quick in their stories to identify their school administration as being a major
source of support during their experiences in working with informal STEM learning
opportunities. In George’s narrative, he noted the value in which he placed in having his school’s
Mu Alpha Theta chapter recognized by school administration as being a successful student group
and competitive on both state and national levels. The way in which George described support
from his school administration was not limited to simply acknowledging that the participating
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students were achieving at a high level. George also highlighted that by having support from the
administrators, they were invested enough to assist through other means, such as ensuring that
such informal opportunities for enriching students’ understanding and excitement for learning
math can occur successfully, even during hours beyond the regular school day.
Similarly, Gina also found the support of her school administration to be a vital
component of a successful experience for participating in informal STEM learning, both for her
students as well as herself. She talked of several instances in which her school administration
demonstrated trust of her judgment as an expert of her students and understanding of what was
best for their learning and growth as young individuals. Having her administration demonstrate
their support through having confidence in her actions also gave Gina a further boost in morale
and assurance of herself as a successful teacher and mentor in these informal learning
environments. By having strong administrative support for the extracurricular STEM programs
in which they participated (Mu Alpha Theta and Science Olympiads), George and Gina gained
affirmations in their investment of time and effort in providing such unique and enriching
learning opportunities for all of their participating students.
Similar to George and Gina, Morgan also placed great value in support from her school
community. However, because Morgan viewed herself in a more administrative positioning
herself, she talked greatly of the importance in having support and interest in STEM
programming from the classroom teachers at her school. Because of her responsibilities in
implementing STEM programs and curriculum in her school, Morgan noted that having teacher
buy-in and interest was one of the key supports contributing to an effective experience with
STEM learning. For Morgan, the success of the programs at her school is highly dependent on
her teachers being invested in the “STEM way of thinking” that forms the core component of her
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mission in bringing STEM to everyday learning at her school. Morgan returns to this struggle of
sharing this mindset with teachers at her school throughout her narrative, which is curious and
contrasting in comparison to the descriptions from George and Gina in their efforts for gaining
support from administrators for a similar STEM-focused mindset. The opposite positioning in
power suggests interesting dynamics in which the roles of administrators versus teachers in terms
of sharing a vision for implementing STEM programs offered at a school. Furthermore, the roles
and identities that the participants in this study describe themselves provide insight on whether or
not they have a more positive (such as George and Gina) or negative (such as Morgan) outlook
when considering important supporting factors for a successful experience with informal
learning opportunities.
Support of Programs
The second domain of which participants described as being a most valued resource or
support was that in sustaining of informal STEM learning programs and opportunities
themselves. These substantial supports for programs were described by four out of the five study
participants as highly necessary in order to successfully provide an enriching learning
experience. In particular, two themes about such programmatic supports were present in the
participants’ narratives: a) funding for the programs and b) accessibility to such programs.
Funding for programs. The first and most distinct theme described in terms of
supporting programs was that of monetary funding for programs. Out of the five study
participants, four of them all suggested funding as one of the resources most needed to provide
for an effective and meaningful experience in informal STEM learning opportunities, whether
they be extracurricular programs for students, informal professional development for teachers, or
even pursuing extension of their own knowledge as teachers. Among these participants, their
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identities played a key role in how they described the need for funding for each of the programs
in which they participated.
For instance, both Andi and Simon described funding as an important way to incentivize
and compensate teachers for the many out-of-school hours and potential materials invested in
mentoring informal STEM learning programs. For example, Andi noted that she was unable to
continue pursuing professional development on her own by going to optional but valuable
education conferences simply because of the high cost and lack of monetary support from her
school. She also noted that often times teachers are hesitant to participate in informal learning
programs outside of the regular school day due to devote extra hours. Simon likewise talked
about feeling much more valued in being compensated in some fashion for participating as both
a mentor and coach for his FIRST Robotics team but also in partaking in optional forms of
professional development in his own time.
In contrast, Morgan and Gina both described the need for funding and financial support
from a broader scale regarding programs, perhaps because of the two of them having unique
positioning in their identities that allow for them to be more of an administrative role. For
Morgan, she serves as a STEM facilitator for her school, creating responsibilities for her in
which she must oversee funding on a large scale for STEM programs. Similarly, for Gina, as
science department head and also regional director for various STEM competition, she found
herself with a responsibility and need for pursuing funding on a larger scale for the programs in
which she was involved. For example, she talked about writing and obtaining grants to allow
more schools more access to participating in such STEM programs.
Whether the participants described funding as necessary on a compensation and incentive
level for teachers or a grander scale to create accessibility for more participants, it was made
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clear through most of their narratives that unfortunately support on some form of a monetary
level is a significant factor needed in order to provide an enriching informal STEM learning
opportunity.
Accessibility to programs. Finally, the second theme described by some of the
participants in terms of supporting programs was establishing accessibility to participating in
such programs. In particular, Andi and Simon’s narratives described the challenge of
accessibility to programs as being an area in which they would like to see greater support. Both
Andi and Simon acknowledged that being able to learn about and participate in out-of-school
STEM programs can in itself be a challenge, as not all students or teachers even have an
awareness of the many different kinds of informal STEM learning opportunities that exist.
For Andi, she described awareness for a lack of accessibility of STEM programs for other
teachers and students through the descriptions of her own learning about the various
organizations, ranging from FIRST Lego League to Science Olympiads, and others. She also
recognized her own unique positioning in that she has the opportunity to conduct these
enrichment programs during the school day in her designated STEM classes, allowing her the
time and flexibility of engaging in these otherwise “informal” learning opportunities during
“formal” school hours. By noting this in her narrative, Andi views her positioning as a fortunate
one, as many teachers may not even have access to being able to participate or sponsor such
STEM programs due to a lack of time beyond structured school hours. Similarly, Simon also
described accessibility and awareness of programs as being important for enriching learning for
both teachers and students in STEM. In his story, Simon noted his surprise and eagerness to
pursue more professional enrichment opportunities such as research experiences for teachers
during the summer months. Just in having a first taste of such programs, he sparked a desire to
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grow as a STEM educator beyond mandatory professional development. Through his own
experience, he described a relationship between such programs and teachers could be beneficial
to all participants.
Summary on Valued Resources and Supports
Whether requested resources and supports ranged from school community motivation,
monetary compensation, or even accessibility to programs, the participating teachers all did not
hesitate to describe factors in which they believed to be necessary in creating a meaningful and
rewarding STEM learning experience beyond the regular classroom. Furthermore, as the teachers
better understand their own positioning and professional identities, it was also evident through
their narratives that they became much more confident and more of an advocate for the needs of
both their students as well as themselves as educators.
Divergent Findings
In a few instances, very clear differences were implied between the five participants’
narratives. For example, only Andi described an opportunity to implement what are more
traditionally “informal” STEM learning programs into a more traditional, structured classroom
setting. Even she herself noted that her unique program structure was a rare opportunity that
most classroom teachers would not have. This understanding of her special situation further
suggests that she can position herself in a different way in providing access to such informal
learning experiences for the students in her charge. Another divergent finding was that only a
few of the participants actually verbalized STEM as a way of thinking and that this kind of
mindset is a learned process, such as Morgan in describing having to persuade the teachers in her
school to buy in to this belief. It is curious to note that the participants that took up more of a
leadership position within their school and learning communities described this mindset more
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clearly than those that simply already believed or noted STEM as an integral part of their
teaching and learning already. As stated earlier, another final very evident divergent finding was
that only the two participants who changed careers to become teachers made note of pedagogical
insights in their narratives. It is curious and suggestive of their reflections of themselves and their
own personal growth that pedagogy is something they self-identify as an area of growth,
considering they did not begin their professional lives in education.
Granted, with exploring such a small number of participants, each narrative was expected
to be deeply personal and unique – almost singular to each participant’s experiences and
perceptions of their journeys. However, through the analysis of their collective narratives, it was
interesting to find so many resounding themes, despite looking at such a small group. Some
further broader-scale insights will be described below.
Insights Gained Through Narratives & Themes
A couple of general broad-scale insights were also discovered through examination and
analysis of the narratives, besides the findings in relation to the three main research questions. In
particular, the two main general insights that were realized were: A) the development of
professional identities as a collaborative effort by the educators themselves as well as those of
whom they interact, and B) developing professional identity is a living and growing process
throughout an individual’s career.
Development of Professional Identities as a Collaborative Effect
Through all five of the participant narratives, significant discussions and importance were
placed on the many different relationships, collaborations, and interactions that took place during
each individual’s experiences in informal STEM learning opportunities. Although the
development and understanding of an individual’s professional identity is in essence very
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personal, is very evident that each of the participants’ interactions with other individuals and
experiences throughout such learning environments and relationships have contributed to the
development of their identities (Calabrese-Barton et al, 2013; Cote and Levine, 2002; Erikson,
1968.) Whether the finding of one’s own professional identity as a STEM educator was
developed through forming collaborations with community partners, finding positioning as a
mentor for students and other teachers, or taking up leadership positions for pedagogy or content
area, each of the narrative participants shared deeply social experiences where others of whom
they interacted contributed to the understanding of their own professional being. These findings
align with the conceptualization of such lived experiences having impacts on teachers’ sense of
agency as a part of the development of their professional identities (Fancsali, 2002; Holland &
Lachiocotte, 1998; Malian, 2011; Naraian & Schlessinger, 2018; Waitoller & Kozleski, 2013).
Furthermore, such collaborative experiences have implications throughout many of the
participants’ narratives in creating inspiration for becoming advocates for others in pursuing
access and equity in STEM programs and education.
Developing Professional Identity as a Living and Growing Process
During the interviews, all five participants were able to describe their individual
understanding of their professional identities to some extent, as well as how they came to take up
their current roles and responsibilities. However, in the many different ways in which they
described all of the careers as educators, especially through the diverse and unique narratives of
the informal STEM learning opportunities they experienced, there was great implications that the
professional identities in which they came to describe were continually living and growing as the
participants themselves continued to evolve in their careers. As active players in socially
complex communities, these educators navigated relationships between different people,
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resources, responsibilities, and many various positioning that are continually shifting (CalabreseBarton et al, 2013; Hand & Gresalfi, 2015; Nasir and Cooks, 2009). Through the findings from
the narratives shared in this study, there is great implication that there is continual development
and change of individual perspectives as well as understanding of one’s own identity through
each of these lived experiences. Moreover, with the participants who had more extensive careers
in education, the findings also suggested that their identities shifted more towards selfactualization and understanding of a purpose in their roles as STEM educators.
Summary of Findings
Through analyzing the data from the participant narratives, overarching themes were
found that appeared across all participants’ responses were formed with regards to the three
research questions: i) development of professional identity, ii) professional learning and growth,
as well as iii) determining most valued resources and supports for meaningful informal STEM
learning opportunities were described. In relation to the first research question of factors in
informal learning that contribute most to developing a professional identity, thematic domains of
1) developing a perspective on informal learning and 2) developing and defining the STEM
educator identity were formed. For the second research question on professional learning and
growth that occurs from such informal learning experiences, thematic domains arose in the areas
of growing professionally through 1) content knowledge, 2) pedagogy, and 3) leadership.
Finally, the third research question focused on determining the most valued resources and
supports that contribute to meaningful informal STEM learning experiences, participants. For
this last question, participants described examples in their narratives that formed two main
thematic domains: 1) support from others during the experience of the programs and 2) support
in and of the programs themselves. In the next and final chapter, implications for the findings
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described here will be discussed, as well as recommendations and future steps for exploring
STEM teacher identity development and informal STEM learning opportunities.
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CHAPTER SIX
DISCUSSION, IMPLICATIONS, AND FUTURE DIRECTIONS
The goal of this study was to explore STEM teachers’ professional identity development
based on their lived experiences of participating in informal STEM learning opportunities, as
told through their narratives. These narratives illustrated the many different ways in which each
participant negotiated the relationships, conversations, resources, and challenges that they
encountered during these experiences. Furthermore, the narratives also illuminated how each of
the participants created and developed their professional identities as STEM educators through
these experiences. By exploring the potential implications of such findings, researchers can
better understand the ways in which informal STEM learning opportunities serve to benefit the
professional development and growth of teachers through such experiences, in addition to the
students that are served. Similarly, researchers and those in evaluative positions can also have a
better understanding in regards to providing better resources, support, and accessibility for such
informal learning opportunities. This chapter will discuss the relevance of this study in relation
to STEM education, as well as both practical and theoretical implications suggested based on the
findings of participant narratives and recurring themes.
Significance and Relevance to STEM Education
Meaningful experiences from informal STEM learning opportunities have the potential to
be vital for the growth and sustainability of motivating and inspiring STEM educators in their
careers. Experiences gained from such informal learning opportunities and programs are not just
for the enrichment, increased engagement, and greater achievement for students participating but
also just as important for the growth and development of the educators that are involved (Adams
& Gupta, 2017, Avraamidou, 2014; Bouillion & Gomez, 2001; Laursten et al., 2007; Mahoney et
al., 2003; Penuel et al., 2014; Sahin et al., 2014; Stocklmayer et al., 2010; Stokes & Craig, 2017).
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This is documented in some research literature. In addition, the narratives from this study reflect
this overall theme.
From the narratives, experiences in informal STEM learning opportunities were very
important to each participant’s understanding of themselves and their professional identities as
STEM teachers. Although in existing literature there is a focus on the many benefits and
justification for such informal STEM learning experiences for students (such as increasing
academic achievement, engagement, and inquiry for STEM learning), such benefits and
implications are evident among the participating teachers as well. Through such opportunities,
teachers become more motivated in teaching. This inspiration and motivation for the profession
were suggested throughout the narratives shared in this study, emphasizing the importance for
having such opportunities for STEM educators alongside their students. Although the narratives
explored in this study were very personal and unique experiences for each of the participating
teachers, the ongoing experiences of these informal learning opportunities provide significant
insight into how other teachers may be encouraged to participate. Likewise, such narratives
describe how teachers can grow from such beneficial experiences, such as promoting the
development of understanding their professional identities as STEM educators as well as creating
the much needed connections with students that foster meaningful learning.
Implications for Practice
Through this study, narratives from the participating STEM educators shed light on many
different interactions with individuals (students, community partners, administrators) as well as
internal and external factors (growth in pedagogy and conceptual understanding, school support,
and even funding) as a part of the development of their professional identities. Through these
narratives, the previous chapters have described the many resounding themes that arose from
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analysis of the stories from the five participating STEM educators. Below, some implications for
practice will be described, including: the importance of building relationships that foster learning
and how these kinds of informal learning experiences can potentially contribute to the retention
and motivation for teachers in such high-need, high-turnover subject areas as math and science.
Importance of Building Relationships to Foster Learning
The development of relationships between teachers, their students, and also other
stakeholders is important in developing motivations and social constructs contributing to
meaningful and successful learning (Boaler, 2002; Calabrese-Barton et al, 2013; Cote and
Levine, 2002; Wentzel, 2010). One of the themes echoed throughout almost all of the
participants’ narratives was the importance of building relationships with students that foster
meaningful learning experiences. Whether it was within the traditional classroom setting or
outside of school through more informal spaces, each of the participants in this study touched on
how developing that personal connection is key in spurring positive learning opportunities
among the students with whom they interacted. Participants referred collectively to many
different kinds of experiences in which such relationships reinforced their appreciation for their
students’ capabilities as young and curious individuals, regardless of whatever academic
achievement they may have displayed within the classroom. In each of the teachers’ descriptions
of what contributes to a meaningful experience in informal STEM learning settings, these
relationships were continually mentioned as a basis for such programs being effective and
successful. This building of a sense of belonging and community among students as well as the
teachers involved are key in developing positive learning experiences, both within and outside of
the classroom. Through the descriptions from participant narratives, these relationships are
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described to be incredibly valuable for both students and teachers, even beyond simply the
content that is being taught during the learning experiences.
Fostering Motivation for the Profession
Opportunities for which teachers can gain inspiration and a sense of reward through their
efforts is crucial to nourish the motivation in their careers. Maintaining such motivation and
sense of reward has been found to have significant implications on teacher retention, which is a
continual issue especially in high-need and high-attrition subject areas such as math and science.
There have also been studies that have found that teachers who commit to informal learning
opportunities and extracurricular programs for an extended time have found to similarly express
that same “grit” for staying in the profession (Ball, 1998; Duckworth, 2007; Fisher & Royster,
2016; McCray Jr, 2017; Penuel et al., 2014, Tuchman & Isaacs, 2011). It is implied through the
voices heard reflected in the narratives shared in this study that different kinds of informal
STEM learning opportunities have a potential for creating the change in learning environments
needed to foster such inspiration among teachers that are involved. Many of the participants in
this study described instances from such experiences of informal learning in which they felt
refreshed about finding new practices to bring into their schools. They also shared specific
memories in which they grew and learned from informal learning settings, sparking their
curiosity and ambition for becoming even better educators for the students that they impact on a
daily basis within their classrooms. Although some of the participants talked specifically of
certain parts of their informal learning experiences that really motivated them (such as the
relationships developed with students, the development of intellectual curiosity, and more) those
types of factors that contribute to teachers’ motivation may need to be further researched to bring
further clarity. Other considerations for practice would be to explore more comparisons between
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such findings and similar aspects that contribute to motivation for the profession from more
traditional, formal learning settings. From such comparisons, there may also be more to learn
about how specifically learning environments that are more communal and collaborative that deemphasize grading could contribute to motivated, inspired students and teachers.
Implications for Theory
Aside from the practical implications discussed in the previous section, the findings from
participant narratives also shed light on implications for theory. The following section describes
how findings from this study have contributed and supplemented the three aspects in the
theoretical framework from which the study was formed: through envisioning identity as a
narrative; that the development of identity is a collaborative, lived experience; and that teachers
can become agents for others as well as themselves. In addition, the results of the study inform
future research.
Identity as a Narrative
The framework of identity as defined by Sfard and Prusak (2005) has been used in many
studies through a constructive lens for exploring the narratives shared by educators and how such
lived experiences contribute to the understanding of themselves. The narratives from participants
in this study in particular confirm this theory of developing their identities through the
experiences they gain from informal STEM learning opportunities. The ways in which the
participants described their relationships and actions during these informal learning
environments also gave indication as to how they viewed their own roles and positioning during
these programs (Herbel-Eisenmann et al, 2015; Watson, 2006). This understanding of their own
social roles based on their individual experience have a key part in better understanding the
resources and supports needed to create meaningful informal learning experiences. Furthermore,
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the narratives shared through this study also confirm the concept that identities are formed
through collective discourse and interactions, which will be further described in the section
below.
Development of Identity as a Collaborative, Lived Experience
Although the nature of an individual’s identity is a very personal facet, the development
of individual identity is curiously collaborative through lived experiences (Civil, 2007; Greeno &
Gresalfi, 2008; Hand & Gresalfi, 2015; Horn et al., 2008; Wenger, 1999). While all of the
participants in this study were able to share narratives that shed light on how they perceived
themselves and their identities as STEM educators, each of their stories intricately involved
relationships, conversations, and happenings that collectively took part in sharing contributions
to developing the identities of which they came to describe. Teachers described working closely
with students in diving deep into creating connections between the classroom content and realworld applications. They also described examples of going into their local community to develop
partnerships with industry professionals in order to make similar relatable contexts for their
students’ learning. Some of the participants also described examples where they underwent
various life experiences with their students, growing as individuals alongside them. Through all
of these examples from participants’ narratives, they were able to develop an understanding of
their own positioning and roles as STEM educators, but this understanding was only formed
through a collective lived experience through interactions and conversations with others.
Teachers Can Become Agents
Finally, the third implication for theory discovered through the findings from
participants’ narratives was in that teachers can in fact become agents for learning, not just for
the students and communities whom which they interact, but also as agents and advocates for
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their own individual learning and professional needs (Fancsali, 2002; Hand et al., 2013; Holland
et al., 1998; Malian, 2011; Naraian & Schlessinger, 2018; Sloan, 2006; Waitioller & Kozleski,
2013). While teachers understand the capacity for which they can enact change in being
advocates for greater access to STEM learning opportunities and resources for students of all
kinds, one of the interesting findings from this study was that the participants were readily
willing to advocate for their own needs and wants to be successful STEM educators. Among the
examples of this willingness to be their own champions were stories of pursuing optional
professional development during the summer months beyond system-wide requirements, seeking
out additional curriculum materials on their own time to extend their content area understanding,
or even going about requesting for funding to sustain informal STEM learning programs, and
many more other ways. Through being an advocate for themselves and their needs, the teachers
develop a stronger understanding of their identities as STEM educators, as well as shift towards
self-actualization and understanding of the mission and purpose for which they engage in such
opportunities (Fisher & Royster, 2016, Korthagen & Vasalos, 2005; Naraian & Schlessinger,
2018; Sloan, 2006).
Recommendations for Future Directions
This research shed light on findings from the narratives of five very different STEM
educators, each sharing unique experiences with informal STEM learning opportunities that have
contributed to the development and understanding of their professional identities. Through these
narratives, insight was gained on the factors that contributed most to participants’ identity
development, the ways in which they learned and grew professionally from these experiences,
and the resources and supports in which they valued the most during these opportunities.
However, additional research is needed in order to gain a deeper understanding for how informal
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STEM learning opportunities contribute to the development of professional identities among
STEM educators. Some additional points to pursue in this area of research and practice are
shared below:
1. Other facets to consider and explore in regards to impacts on the development of STEM
teachers’ professional identities might include the backgrounds and socioeconomics of
teachers experiencing such informal learning from different schools, as a means for
gathering more representation to see if there is generalizability.
2. Exploring other institutions or organizations (besides public schools) such as private or
charter schools, educational museums, and other nonprofit organizations with STEM
educational programs may likewise be interesting to look into with regards to how those
formats of informal learning may contribute to the development of STEM educator
identities. (Ex: How might the individuals involved with those groups compare/contrast
themselves with K-12 public school educators?)
3. Exploring alternative types of informal STEM learning opportunities (beyond those
described by this study – extracurriculars, informal professional development, research
opportunities for teachers, and community outreach). These could include science fairs,
volunteering work, and other collaborations with community partners in inspiring others
about STEM education.
4. Consideration of STEM educators who have chosen to not commit to informal learning
opportunities - how may this have or have not impacted their identities and sense of
leadership/agency? What is their reasoning for not participating?
5. In practice, teachers need to have opportunities for reflection in which they can become
self-aware of their roles, responsibilities, and relationships as educators. This time is
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essential to the formation of their individual understanding of their positioning and
identities and the impacts that they have in their profession. Oftentimes these
opportunities are not available due to the many responsibilities and burdens of which
teachers carry, and it is crucial for teacher educators and administrators to acknowledge
and provide such rudimentary physiological needs for teacher well-being.
Concluding Reflections
The journey of returning to graduate school, choosing this research topic, designing the
study, and then analyzing the narratives has been a huge experience of personal growth for me in
my own identity, in and of itself. At the beginning of my studies, I struggled greatly with shifting
my mindset from a background of objective and qualitative research experience in microbiology
to that of being aware of my subjectivity about different stakeholders. Ontology? What’s that?
Epistemology? Never heard of her! Jokes aside, I realize now and deeply appreciate and am
grateful that experiencing my own career shift into education has (hopefully) made me a much
more empathetic person as well.
In beginning my studies, I understood there would be such challenges. Reading and
writing have not always come easily to me, but I have been so very fortunate to have generous
support from professors, friends, colleagues, and family throughout my studies. Like many other
doctoral students, I consistently struggled (and honestly still do) with imposter’s syndrome, but I
gradually began to see myself as a competent writer and researcher. That part of my identity
started to form. I also am grateful to have had the opportunity to nourish another facet of my
identity by engaging more with STEM outreach -- the very notion that led me to venture into
education in the first place. With that, I also began a new journey and moved seven hundred
miles away in the middle of beginning my research to start an adventure doing exactly that.
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Most certainly, I had times of foolishness where I attempted to tap out bits and pieces of
writing while being a sardine among many others on the South-Ferry bound 1 train on my
commute in the morning. But I also had many, many sparks of inspiration through conversations
with colleagues and K-12 teachers and students that I interact with day to day in my new job. It
has been eye-opening to hear about the very different yet similar challenges they encounter
regularly in a very urban dynamic in the city versus the more suburban and rural stories I have
been used to back in Tennessee. Yet sadly, hearing about such pervasive systemic issues simply
reminded me of the many issues in education as a whole in our nation.
The present challenges in STEM education concerning, particularly teacher retention and
motivation in high-need math and science subject areas, is something that has always interested
me. I chose the topic of examining the effects that experiences outside of school learning may
have on the core identities of teachers involved in hopes that perhaps the findings could shed
light on ways in which teachers could be inspired and tap into resources that nourish their
motivations for staying in the profession and provide them the sense of fulfillment that is so
deeply connected to their well-being.
In the positioning I have currently, I am constantly thinking about the ways in which I
might be able to serve as an intermediary between higher education institutions, industry
professionals to K-12 schools, students, and teachers. Perhaps there are ways in which I can
better provide resources and opportunities to those that are underserved. Perhaps I can help give
them a voice and guide them in the development of their understanding of themselves as STEM
learners and educators. It is my hope that I can have the opportunity to further explore the new
narratives that I encounter to better inform both my own practice, and I look forward to
continuing the next steps of this research area with such a new lens.
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Appendix B
Informed Consent Form for Research Study Participation
Informal Learning Opportunities and STEM Teacher Identity Development
INTRODUCTION
Hello! My name is Karen Cheng, and I am a PhD candidate in Mathematics Education at the
University of Tennessee, Knoxville. You are invited to participate in an interview as part of my
dissertation work on the topic of STEM teacher identity development. Teacher identity can be
briefly described as how a teacher and others in their surrounding environment perceive
themselves as teachers, through many aspects of their profession. In this study, I am interested in
exploring the personal experiences from middle and high school STEM teachers who have
participated in informal learning opportunities, such as optional professional development,
workshops, sponsoring extracurriculars, or community outreach. I hope to explore the narratives
from individual teachers and their experiences in these informal learning opportunities,
particularly with how such experiences have contributed to the development of their identities as
STEM teachers. This letter will further describe to you the premise of this study, should you
agree to participate.
INFORMATION ABOUT PARTICIPANTS INVOLVEMENT IN THE STUDY
Your participation in this interview should take approximately 45-60 minutes to complete. Data
that you provide can give valuable insight to different ways that involvement in these informal
learning opportunities contributes to STEM teacher identity development. Your involvement in
this project will consist of an online survey/questionnaire (to be completed prior to the interview)
and a one-on-one audio-recorded interview, in which you will be asked questions regarding your
involvement and participation in informal learning opportunities during your time teaching.
CONFIDENTIALITY
The information discussed within the interview will be kept confidential. Only the researchers
will have access to your information and the data will be stored in a secure, password-protected
computer that is owned by the principal investigator. The identity of all those who participate in
this study will be confidential, and any names gathered will be given pseudonyms unless
otherwise stated by individual participants.
PARTICIPATION
Your participation in this study is completely voluntary, and you may decline to participate
without penalty at any time. If you agree to participate, you may withdraw from the interview at
any time without penalty and without any loss of benefits to which you are otherwise entitled. If
you choose to withdraw from the study, it is possible that data collected from you will be kept
and continue to be analyzed, unless you notify the researcher to remove or destroy it.
RISKS
The level of risk associated with the current study is minimal. You may feel uncomfortable
sharing your opinions; however, please know that all responses will be kept confidential and
your responses will in no way affect your status as a teacher. Please answer every question as
honestly and detailed as possible.
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BENEFITS
There are no direct benefits gained from participating in this study. However, an indirect benefit
is that your feedback can provide great insight for other educators, education researchers,
administrators, and providers of professional development in regards to weighing decisions and
benefits for providing informal learning opportunities for STEM teachers. The interview data
will help provide a singular experience and narrative that is created in an effort towards better
understanding various aspects of individual informal learning opportunities that contribute to
STEM teacher identity development. The information gained from this study will better support
efforts of providing for STEM-related informal learning opportunities that could benefit the
development and growth of STEM teachers.
CONTACT INFORMATION
If you have questions about the interview, or you experience adverse effects as a result of your
participation you may contact the researcher directly: Karen R. Cheng, kcheng2@vols.utk.edu
(865) 310-6604. If you have questions or concerns about your treatment in this research or your
rights as a research participant, please contact the University of Tennessee IRB Compliance
Officer at 865-974-7697 or utkirb@utk.edu.

CONSENT
You will be given a copy of this consent form to keep for your own records. If you wish to
participate in this study, please sign and date below.
_____________________________ _____________________________ _______________
Participant's Name (please print)
Participant's Signature
Date

_____________________________ _____________________________ _______________
Researcher's Name (please print)
Researcher's Signature
Date
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Appendix C
Screening Survey and Information
Informal Learning Opportunities and STEM Teacher Identity Development
Hello! My name is Karen Cheng, and I am a PhD candidate in Mathematics Education at the
University of Tennessee, Knoxville. This survey is a part of my dissertation research on the topic
of STEM teacher identity development. Your participation in this survey is completely
voluntary, and it should take approximately 15-20 minutes. There are no foreseeable risks or
benefits to participating in this survey and research, and you will be asked questions about your
experiences as a STEM teacher who has participated in STEM-related out of school learning
experiences. If you feel uncomfortable at any time during this survey, you may exit the survey
immediately, and your response will not be recorded. Your identity will remain confidential at all
times.
Following this survey, you may possibly be contacted for a follow up in-person interview, should
you indicate your interest to participate in an interview. Selected interview participants will
receive a $50 Amazon gift card. Please direct all questions regarding this survey and
participation in this research study to Karen Cheng at kcheng2@vols.utk.edu. If you have
questions or concerns about your treatment in this research or your rights as a research
participant, please contact the University of Tennessee IRB Compliance Officer at 865-974-7697
or utkirb@utk.edu.
Research Questions:
1. What aspects of informal STEM learning opportunities do STEM teachers find contribute
the most to their identity development?
2. What kind of learning and/or professional growth occurs during in-school informal
STEM learning environments?
3. What kinds of resources are necessary to provide effective informal STEM learning
opportunities that benefit identity development of STEM teachers?
Research Purpose:
Despite the many indicators from existing research that show the positive impact on students
with regard to participating in STEM-related informal learning opportunities, there has been little
exploration on the impacts of similar informal learning opportunities from the teacher
perspective. The intent of this study is to gain insight from teachers experiences in informal
learning opportunities that can better support efforts of providing for STEM-related beneficial
professional development and growth of STEM teachers.
1.
2.
3.
4.
5.
6.
7.

First Name: __________________________________________
Last Name: __________________________________________
School: _____________________________________________
Grade(s) taught:
Preschool
K-5
6-8
9-12
Higher Ed
Subject(s) taught:
MATH
SCIENCE
OTHER ________
How many years have you been teaching? 0-3
4-7
8-11 12-15 16+
Have you ever committed to ongoing participation in any of the following informal
learning opportunities? (select all that apply)
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a. Discussion online about STEM education (ex: Twitter, Facebook, web forums)
i.
If you answered yes, please briefly describe.
___________________________________________________________
ii. How long have you participated in this opportunity?
___________________________________________________________
b. Sponsoring STEM-Related Extracurriculars (ex: Science Olympiads, FIRST
Robotics, Math Club)
i.
If you answered yes, please briefly describe.
___________________________________________________________
ii. How long have you participated in this opportunity?
___________________________________________________________
c. Optional STEM-Related Professional Development or Workshops (ex: STEMrelated summer training, hands-on workshops, non-systemwide training
opportunities, research experiences for teachers “RET”s)
i.
If you answered yes, please briefly describe.
___________________________________________________________
ii. How long have you participated in this opportunity?
___________________________________________________________
d. STEM-Related Community Engagement (ex: volunteering at STEM-related
events, doing STEM-related educational outreach)
i.
If you answered yes, please briefly describe.
___________________________________________________________
ii. How long have you participated in this opportunity?
___________________________________________________________
8. How familiar would you rank yourself in your awareness of informal learning
opportunities in your local community?
1 - Not Very Unfamiliar
3 - Somewhat Familiar
5 - Very Familiar
9. How would you rank the impact of experiencing informal learning opportunities on your
views of yourself as a STEM educator?
1 - Not Very Impactful
3 - Somewhat Impactful
5 - Very Impactful
10. Would you be interested in participating in a follow-up in-person interview (45-60
minutes)? [possible incentive for participation]
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Appendix D
Interview Script and Information
Informal Learning Opportunities and STEM Teacher Identity Development
Hello! My name is Karen Cheng, and I am a PhD candidate in Mathematics Education at the
University of Tennessee, Knoxville. This interview is a part of my dissertation work on the topic
of STEM teacher identity development. Your participation in this interview is completely
voluntary. This interview in which you are participating in will last between 45-60 minutes. If
you feel uncomfortable at any time during the interview process, please let me know, and I will
end the interview immediately. I will also be recording the interview so that I can transcribe it
later for research analysis. Your identity will remain confidential at all times. Do you have any
questions before we begin?
Interview Topic: STEM teacher identity development in relation to informal learning
opportunities.
Research Questions:
1. What aspects of informal STEM learning opportunities do STEM teachers find contribute
the most to their identity development?
2. What kind of learning and/or professional growth occurs during in-school informal
STEM learning environments?
3. What kinds of resources are necessary to provide effective informal STEM learning
opportunities that benefit identity development of STEM teachers?
Research Purpose:
Despite the many indicators from existing research that show the positive impact on students
with regard to participating in STEM-related informal learning opportunities, there has been little
exploration on the impacts of similar informal learning opportunities from the teacher
perspective. The intent of this study is to gain insight from teachers experiences in informal
learning opportunities that can better support efforts of providing for STEM-related beneficial
professional development and growth of STEM teachers.
Interview Questions
About Individual Experiences
1. Describe yourself as a STEM teacher.
a. What are some aspects of yourself as a teacher that you wish everyone would
know?
b. Describe the kind of informal learning opportunities that you have participated in.
(Provide definition for informal learning opportunities as needed.)
c. Which of these were STEM-related?
d. How long did you participate in each of them?
e. What was your reasoning or motivation for being involved?
f. What are your plans for participating in such opportunities?
2. Describe the roles and responsibilities that you took on during your involvement of
informal learning opportunities.
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3. Describe the relationships that you have experienced during your involvement of
informal learning opportunities.
4. Tell me about any perspectives you gained through your experience that you might not
have learned from more formal learning opportunities. (Provide definition for
perspectives as needed.)
Specific Impacts
5. What kind of skills or dispositions have you developed from experiencing informal
learning opportunities.
6. What aspects of informal learning opportunities do you feel contribute to your own
professional growth?
7. In what ways have your involvement in such opportunities impacted your practice?
8. In what ways have your involvement in such opportunities impacted your STEM content
knowledge?
9. In what ways have your involvement in such opportunities impacted your perspective of
the profession, particularly being a STEM teacher?
10. In what ways have your involvement in such opportunities impacted your perspectives
towards informal learning opportunities?
11. In what ways have your involvement in such opportunities impacted your perspectives
towards professional development and more formal learning opportunities?
Professional Learning Experiences
12. Describe what you feel would be your ideal professional learning experience.
13. How has your participation in informal learning opportunities affected your motivation
for teaching?
14. How has your participation in informal learning opportunities affected your long term
career aspirations?
15. What kind of challenges did you face during your experiences in informal learning
opportunities?
16. What are some things you felt made the greatest impact on you during your experiences
in informal learning opportunities?
17. What are some things that you felt had little to no impact to you from the experiences in
informal learning opportunities?
Perspectives on Informal Learning Opportunities
18. What kind of dispositions do you think teachers gain from participating in informal
learning opportunities?
19. What kinds of collaborations do teachers partake in during informal learning
opportunities?
a. What kinds of partnerships are formed when teachers partake in these
opportunities?
20. What kind of responsibilities do you think teachers have when participating in informal
learning opportunities?
21. What kinds of supports, incentives, or benefits do you think teachers would appreciate for
their participation in informal learning opportunities?
22. What kinds of barriers hinder teachers from engaging in informal learning opportunities?
Supplemental Questions
23. Is there anything that we haven’t talked about today that you would like to share?
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24. Are there any questions that you think would be helpful to my research that I should ask
of other interviewees?
25. How has your participation in informal learning opportunities affected your view on
educational leadership roles or your involvement in leadership?
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Appendix E
Distribution of participant demographics and experiences in education based on responses from
screening survey (Appendix C).
Participant

Gender

Years
Taught

Grade
Band

Andi

Female

14

6-8

George

Male

5

9-12

Gina

Female

28

9-12

Morgan

Female

18

K-5

Simon

Male

6

9-12

Subject Area(s)

Types of ISLO*
Participated

Science (All),
General STEM

Extracurriculars
(Science Olympiads,
eCYBERMISSION,
FIRST Lego League,
Student Spaceflight
Experiments Program),
self-motivated
professional learning

Math
(Geometry,
Algebra II, AP
Calculus BC)

Extracurriculars (Mu
Alpha Theta, tutoring),
self-motivated
professional learning

Science
(Biology, Earth
&
Environmental)

Extracurriculars
(Science Olympiads,
Science Bowl,
Envirothon), pursuit of
leadership opportunities
(department head,
Advanced Placement
consulting)

General STEM,
Outreach, pursuit of
Gifted education leadership opportunities
Science
(Physics,
Geology,
Astronomy),
General STEM

Extracurriculars
(FIRST Robotics
Competition), research
experiences for teachers
(RETs)

*

ISLO = informal STEM learning opportunities
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Appendix F
Distribution of individual participants’ responses in regards to each of the research questions:
RQ1) factors contributing to the development of professional identity, RQ2) kinds of
professional learning and growth experienced, and RQ3) resources or supports most valued
during informal STEM learning experiences.
ID

Factors for RQ1

Andi

• Raising expectations
for learning
• Becoming a confident
teacher

Growth for RQ2

Supports for RQ3

• Growing content area
expertise
• Becoming a confident
leader

• Unique program structure
• Community partnerships
• Funding for programs

George • Raising expectations
for learning
• Fostering relationships
for learning

• Becoming a content area
expert
• Becoming a confident
leader

• Curriculum and materials
• Administrative support

• Raising expectations
for learning
• Fostering relationships
for learning
• Transitioning career
roles

• Becoming a pedagogical
expert
• Becoming a confident
leader

• Administrative support
• Funding for programs

• Becoming a confident
leader
• Developing a STEM
mindset

• Teacher interest
• Funding for programs
• Community partnerships

• Developing pedagogical
insights
• Growing content area
expertise

• Community partnerships
• Access to programs
• Funding

Gina

Morgan • Identifying a STEM
way of thinking
• Identifying as a leader

Simon

• Fostering relationships
for learning
• Becoming a confident
teacher
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